


THE SCIENTIFIC MONTHLY 




THE SCIENTIF 
MONTHLY 


EDITED BY J. MCKEEN CATTELL 


VOLUME XXIII 
JULY TO DECEMBER 


316966 

Ml 

lARI 


NEW YORK 
THE SCIENCE PRESS 
1926 




Copyright, 1926 

THE SaENCE PRESS 


TUI 8C1BNCB PRESH PRINTING COMPANY 
LANCASTER, PA. 



THE SCIENTIHC MONTHLY 


JULY. 1926 


THE CONVERGENCE OF EVOLUTION 
AND FUNDAMENTALISM 

By Professor G. T. W. PATRICK 

DNtVBRSITT OF IOWA 


At the close of the first quarter of the 
twentieth century, it is interesting to 
compare the status of the theory of evo- 
lution with that at the beginning of the 
century. We even hear it asked whether 
the theory is solvent or insolvent. As for 
Darwinism, a separate account of its 
stock is being taken, with the fear that 
its solvency may be less than that of the 
general theory. A cursory survey of the 
situation seems to show that while the 
mere fact of evolution has become more 
and more evident as the years have gone 
by, nevertheless perplexities have con- 
tinually mtfltipli^. It has long been 
recognized that the causes of evolution 
are unknown, but it is only recently that 
we are beginning to realize that its 
method is in doubt and its significance 
not clear. Even the fitness of the word 
has lately been doubted, the strange 
question arising whether the changes and 
processes included by writers of the nine- 
teenth century under the term “evolu- 
tion” might be more aptly described by 
some other name. 

Meanwhile biologists are not concern- 
ing themselves greatly with the theo- 
retical problem but are entering upon a 
period of experimental work in genetics, 
which in respect to its patience and 
thoroughness compares with the memor- 


able work of Darwin himself seventy- 
five years ago. In the years to come the 
puzzles of evolution will no doubt be 
solved, but at present we are much in 
the dark. The note of caution is the 
dominant note among those who are still 
writing on the theoretical problem. Post- 
war experiences have put a damper on 
the buoyant Spencerian optimism of the 
nineteenth century, while the recrudes- 
cence of the religious controversies has 
come as a kind of shock to those who had 
taken it for granted that these ancient 
differences had long been settled. It was 
truly a strange sight to those of us who 
recall the controversies of the latter part 
of the century to see at this late day sci- 
entists of the very highest rank entering 
the arena of the press to enumerate the 
evidences of evolution to a skeptical and 
impatient public. One wondered what 
had happened. A brief review will show 
what did happen. 

When first the theory of evolution 
burst upon the world in the nineteenth 
century, it was the simple story of the 
continuity of plant and animal life. It 
was the story of the genetic relationship 
of plant and animal species, showing 
that all such species might have origi- 
nated by descent from very simple forms 
of life. This innocent doctrine, long an- 
ticipated before Darwin's day, suddenly 
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assumed a tremendous importance and 
aroused an absorbing interest when Dar- 
win marshaled his arguments to show 
that man — ^body, mind and morals — is to 
be included in this history. Then fol- 
lowed a violent controversy, since the 
new theory touched human traditions in 
a delicate spot, namely, in that of re- 
ligious faith. At the close of the cen- 
tury, however, the Darwinian view, so 
far at least as it relates to animal species 
and the human body, prevailed. It was 
almost universally accepted by men of 
science. It had penetrated the literature 
of all cultured nations. It had settled 
down nearly to the lowest strata of 
popular thought. It had even reconciled 
itself with religious faith. The ‘^ascent 
of man*’ from the lower forms of life 
was seen to add to his worth and dignity 
rather than to detract therefrom. It was 
believed that the religious attitude was 
greatly strengthened by the enlarged 
vision opened in evolution. Indeed a 
poet laureate sang; 

This is mj loftiest greatness 
To have been born so low. 

Greater than Thou the ungrowing 
Am I that forever grow. 

Straightway the notion of evolution 
was still further extended. We began 
to hear of inorganic evolution, cosmic, 
astral, geologic and atomic. Even the 
‘‘delirious electrons** evolved into atoms, 
and matter itself was the product of a 
process of development. Social evolu- 
tion had already made its appearance, 
and we learned that the new law ap- 
plied also to the development of lan- 
guage, ideas, beliefs, the family, the 
church and the state, and to individual, 
social and political institutions. In fact, 
in those days of first enthusiasms, it oc- 
curred to no one that there is any realm 
of reality at all excluded from the field 
of evolution. Nothing is fixed or final; 
nothing is created; everything “just 
growed.** Therewith was bom a new 
and indeed fruitful and wonderful 


method of study, namely, the genetic 
method, which increased amazingly our 
understanding of things by revealing 
their genetic origins. 

Then still another step was taken. 
Evolution was identified with progress.^ 
A period of dizzy optimism followed. 
Every stage of evolution was “higher** 
and “better** than the preceding. Our 
path was “upward.** Looking back we 
look “down.** Just before the war hu- 
man complacency knew no bounds. The 
industrial revolution had put us in pos- 
session of undreamed of power over na- 
ture. Time and space, water and air no 
longer imposed limits. Epidemic dis- 
eases could be overcome. Alcohol was to 
be abolished and crime thereby lessened. 
Votes for women were to purify our poli- 
tics. Peace societies and arbitration 
treaties were to do away with war; and 
even when war was justified, it was in 
the same optimistic faith in progress 
through evolution, since the strong and 
cultured nations would through their 
warlike struggles demonstrate again the 
survival of the fittest. And, finally, it 
was thought that when human invention 
had been still further perfected and 
wealth still more heaned up, it would 
be necessary only to find some political 
device by which this wealth could be 
equally distributed — and behold a mil- 
lennium. 

Then came the crash. But the war 
was not the crash. For it was the war 
which was to end war and redeem the 
world for that ideal government called 
democracy. It was after the war that 
the trouble began. Neither states nor 
individuals behaved in that approved 
manner which we were led to expect. 
Rather there were national hatreds and 
suspicions and a sickening exhibition of 
individual avarice and greed. In Amer- 

1 In one sense purely physical evolution does 
include the element of progress. The subject 
is fully discussed by Lotka in his 
of Physical Biology,’' Ohap. 11. Ho driSp 
evolution as ‘Hhe history of a sjrstem undw 
going irreversible change.’’ 
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ica the bartender was banished, but the 
no less unsavory smuggler and boot- 
legger lock his place. Crime was in- 
creased rather than lessened. A certain 
cultural refinement in manners and mor- 
als, gained through the ages with infinite 
labor, was suddenly lost. Women were 
coarsened, aping the men in their smok- 
ing and painting their faces after the 
manner of our savage ancestors. Inde- 
cency appeared on the stage and vul- 
garity on the pages of our popular 
fiction; and even the purity of the fam- 
ily, one of the foundation stones of a 
healthy social order, was violated by the 
increasing moral laxity and the ease and 
frequency of divorce. Almost over night, 
it seemed to the present writer, whose 
own memory of these cultural struggles 
extends back over fifty years, the bright 
faith in the future encouraged by the 
theory of evolution turned to fear and 
distrust. Books and articles suddenly 
appeared questioning the identity of evo- 
lution and progress, and questioning 
both progress and evolution. We heard 
all at once of the possible approach of a 
second dark age, of civilization at the 
crossroads and of the threatened collapse 
of our whole modem culture. 

We can begin to understand, there- 
fore, why it is that serious thinking 
people have turned a searching inquiry 
upon the whole theory of evolution itself. 
We can even understand why it is that 
a movement called ‘‘Fundamentalism’' 
swept the country, invading our 
churches and our schools and even our 
legislatures, a movement in which the 
whole, theory of evolution was ques- 
tioned. 

At first this fundamentalist movement 
seemed very incongruous. In a time 
like this it would appear that the funda- 
mental things are honesty, temperance, 
purity and obedience to the laws of the 
state, rather than certain beliefs regard- 
ing the genealogy of man. To make a 

'int of controversy of the latter seems 
iike going rather far afield for trouble. 


Consequently, the suggestion has been 
made that fundamentalism was not due 
to any kind of religious intolerance but 
to a sort of dismay which serious and 
earnest religious workers felt in the pres- 
ence of the threatened collapse of morals 
among our people, young and old. 
Something must be done. Let us fly 
back to both the faith and the moral 
virtues of our fathers. 

Probably there is truth in this expla- 
nation of the fundamentalist movement. 
But perhaps the explanation is in part 
even simpler than this. Possibly it was 
to some extent a reaction against the su- 
perficial evolutionary optimism of the 
earlier years, together with a protest 
against a too careless and general ap- 
plication of Darwinism to every field of 
human thought and enterprise. 

In part, also, it was a form of protest 
against certain materialistic and mecha- 
nistic interpretations of the doctrine, not 
shared by its original teachers and not 
necessarily involved in evolution at all, 
but rather noisily proclaimed by later 
disciples. 

But at this stage of the agitation 
something else happened, adding weight 
to the fundamentalist’s position. There 
appeared on the part of the evolution- 
ists themselves a certain doubt and hesi- 
tation affecting some aspects of the 
theory, while certain utterances of dis- 
tinguished biologists were interpreted as 
reflecting upon the theory. Really this 
doubt and hesitation did not involve the 
fact of evolution, the evidences for which 
had steadily increased, but they did ap- 
ply to its causes and method, and par- 
ticularly to the validity of that particu- 
lar theory which goes by the name of 
‘ ‘ Darwinism. ’ ’ Thus it is easy to under- 
stand the new leverage which this gave 
to the party of opposition. It was pos- 
sible to question the whole doctrine and 
to fall back upon the older theory of 
special creation, which was thought to 
have the support of religion and the 
Bible. 



8 


THE SCIENTIFIC MONTHLY 


II 

It may be worth while in the present 
article to review some of the limitations 
of the general theory of evolution as the 
twentieth century has revealed them and 
to inquire as to its real meaning. Inci- 
dentally, the inquiry may bring out some 
unexpected points of convergence be- 
tween views which hitherto have seemed 
wholly contradictory. Such an inquiry 
will naturally limit itself to organic evo- 
lution, although a passing reference may 
be made to the question whether any- 
thing answering to the name evolution 
occurs in other fields. 

Even in organic evolution an initial 
difficulty appears, and this is the ques- 
tion of the applicability of the word 
itself to the processes described. Liter- 
ally the word evolution means an un- 
rolling process, a process of unfolding, 
by which the implicit becomes explicit. 
Although Bateson in an address some 
years ago did actually propose such a 
theory, it was never taken very seriously 
by the scientific world, and perhaps was 
not intended to be so taken. Such a 
view would be attended by the blankest 
mystery. Evolution as it appears in the 
actual world is just the opposite of an 
unfolding process. Even the simplest 
Darwinian variation, much more a mu- 
tation, is a real increment, a novelty, a 
new creation, a veritable plus. I shall 
refer again presently to this all-impor- 
tant fact. Here it is sufficient to say that 
evolution is essentially an epigenetic, or 
building-up process, rather than an un- 
folding process. 

Returning then to our discussion of 
the causes, manner and meaning of evo- 
lution, we may say at once that as re- 
gards its causes, they are unknown. It 
is only in the popular mind that the 
struggle for existence, heredity, varia- 
tion and natural selection are regarded 
as the causes of the development of life. 
According to Darwin's hypothesis, if we 
grant the struggle for existence, that is, 
life and its insurgency, and if we grant 


heredity, and if we grant variation, why 
then we can understand the manner of 
evolution, because advantageous varia- 
tions would be preserved by natural 
selection. 

The anthropomorphic character of the 
word ^‘selection" has now come to be 
well known. Selection implies discrimi- 
native appraisement. What we have in 
Darwinian evolution is the disappear- 
ance of unadaptive forms. There has 
also in recent years been a good deal of 
misunderstanding in the popular mind 
about heredity. Biologists who lecture 
on the Mendelian laws and the conti- 
nuity of the germ plasm probably have 
no intention of claiming that these laws 
really explain the ultimate mystery of 
reproduction and heredity, but they are 
often so understood. The Mendelian 
laws, which have indeed completely revo- 
lutionized the study of genetics, reveal in 
a wonderful way the method of distribu- 
tion of characters in the offspring, but 
of course do not explain why the off- 
spring resembles the parent. Indeed, 
Mendel's laws, as Professor Caullery 
points out, actually embarrass us a good 
deal in the study of evolution, since they 
relate to the distribution and combina- 
tion of factors already existing.* Like- 
wise, it is only in the popular mind that 
Weismann's theory of the continuity of 
the germ plasm explains heredity. There 
is, of course, no actual continuity of the 
germ plasm from generation to genera- 
tion, since the germ plasm is constantly 
increased, one codfish perhaps producing 
millions of eggs, and in this increase the 
whole mystery of heredity is involved. 
It is only the form that is actually con- 
tinuous from generation to generation. 
The new form resembles the old. He- 
redity is resemblance. And so it is with 
variation and the struggle for existence. 
The causes of both are unknown. The 
struggle for existence is merely another 

3 See M. Caullery, ' ' The Present State of the 
Problem of Evolution," Annual Beport of the 
Smithsonian Institution, 1916, p. 832. 
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name for the insurgency of life, and life 
is insurgent because it is life. 

Concerning the manner of evolution, 
we find at the close of the first quarter 
of our new century a disheartening un- 
certainty. It is just here that the last 
twenty-five years have seen the greatest 
change, and this change is manifest in 
the growing disappointment with the 
Darwinian selection theories. Keeping 
in mind that Darwinism is merely one of 
several theories as to the manner in 
which organic evolution has taken place, 
we must remember that the growing dis- 
trust of the Darwinian hypothesis does 
not indicate any distrust of the fact of 
evolution. Darwin’s selection theories 
were most brilliant, ingenious and capti- 
vating. They completely won the scien- 
tific world, and a quarter of a century 
ago there were few who doubted their 
adequacy. In fact, we may say that 
there are few biologists to-day who would 
belittle Darwin’s contribution or cast 
doubt upon the value of the theory of 
natural selection. But as a complete de- 
scription of the method of evolution, it 
is very disappointing and as an expla- 
nation it sadly fails. That new species 
have arisen merely by the natural selec- 
tion of small chance variations is a be- 
lief that is far weaker to-day than 
twenty-five years ago and appears to be 
steadily losing ground. 

If, however, Darwin’s selection theory 
still constituted a workable hypothesis, 
then our interest would be immediately 
transferred to the assumptions upon 
which the theory depends, namely, the 
struggle for existence, variation and 
heredity, none of which is understood. 
The latter fact does not, of course, in 
itself weaken the value of Darwin ’s 
theory, since the struggle for existence, 
variation and heredity are real facts. It 
only weakens the vast claims that have 
been made for Darwinism in explaining 
the present world of living beings, and 
it should be remembered that Darwin 
himself made no such vast claims. They 


are legends which have gradually grown 
up. 

Since the valuable work of De Vries 
in the study of mutations, the mutation 
theory has to some extent supplanted 
Darwin’s theory of small variations. 
Mutations are simply large variations. 
According to present-day biological no- 
menclature, all heritable variations are 
called mutations. The mere machinery 
of evolution remains the same as in the 
Darwinian plan. Mutations that are ad- 
vantageous in the struggle for existence 
are preserved by natural selection. If, 
however, the mutation theory were used 
to explain the origin of species apart 
from the Darwinian theory, then, the 
mutation theory could hardly be distin- 
guished from so-called special creation. 
New species just appear. But if the mu- 
tations are simply to take the place of 
the original small chance variations, then 
the difficulty in explaining variations is 
intensified in the case of mutations. 
Darwin expressed great perplexity as to 
the cause of variations. Wliat then 
would he say as to the cause of muta- 
tions? As regards the workableness of 
the mutation theory, it has some advan- 
tages over the theory of small variations, 
although difficulties enough remain. But 
as for explaining the present world of 
living beings, it stands just where the 
Darwinian theory stands, except that the 
embarrassment which Darwin felt about 
the cause of variations becomes amaze- 
ment when we reflect upon the cause of 
mutations. On the whole, the mutation- 
selection theory as it stands at the pres- 
ent is a very doubtful explanation of the 
origin of species: that is, of the origin 
of the species that exist and have sur- 
vived in nature. 

Other theories of organic evolution 
than Darwin’s are awakening interest to- 
day, but they have not passed out of the 
stage of speculation. Lamarck’s theory 
commands new interest, as do the vari- 
ous orthogenetic theories. Lamarck in- 
troduced the important idea of the in- 
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fluence of desire and effort on the part of 
the organism in determining the direc- 
tion of evolution. Here we have one of 
the causes of evolution clearly expressed. 
Lamarck's theory is not strictly a theory 
of evolution according to the exact mean- 
ing of the term, but it may be called a 
theory of development; while that of 
Darwin is neither evolution nor develop- 
ment. Evolution means unwrapping, 
the implicit becoming explicit. By de- 
velopment is meant the revelation of the 
successive phases of something in which 
there is a manifest unity.* It is the 
potential becoming actual. In Aris- 
totle's metaphysics there is outlined a 
wonderful theory of the world that is 
distinctly developmental Both Aris- 
totle and Lamarck proposed theories of 
evolution which carried with them at the 
same time a kind of explanation of evo- 
lution, which Darwin's theory did not. 
A Lamarckian might indeed well adopt 
the Aristotelian view of the world as a 
great movement in the realization of 
ideal species and of higher values. 

Ill 

It appears, then, at the close of the 
first quarter of the century, that while 
the fact of evolution is not in doubt, the 
belief in it being firmer to-day than ever 
before, neither the causes of evolution 
nor the manner are known. Let us con- 
sider finally the meaning of evolution. 
Since neither the causes nor the method 
of evolution arc known, evidently it 
means nothing more than that there are 
gradual changes in living forms in the 
direction of greater specialization and 
greater adaptation to the environment. 
Since such changes are going on before 
our eyes at the present time in plant 
and animal organisms and in the human 
mind and human affairs, there would not 
seem to be much ground for controversy 

»A logical analysis of the concept of evolu- 
tion and of development will be found in * ^ The 
Concept of Evolution,'' by H. VT. B. Joseph, 
Oxford, 1924. 


here. To be sure, we should not pnt too 
much emphasis upon the word “grad- 
ual” in the above definition, since ab- 
rupt mutations are now emphasized 
more than the gradual small variations. 
It would seem necessary only to have the 
abrupt mutations abrupt enough, and 
the views of the evolutionists and of the 
special creationists would merge. 

Since, then, evolution means nothing 
more than changes in plant and animal 
species in the direction of specialization 
and adaptation, it behooves us to ask 
concerning the meaning of these changes, 
and here another significant fact already 
referred to needs to be brought into the 
focus of attention. We have seen that 
the process of development is not an un- 
rolling process, in which the implicit is 
merely becoming explicit. It is rather 
a building-up process in which some- 
thing new is being constantly added. 
The whole movement should be called an 
epigenesis rather than an evolution. But 
the change in nomenclature can not be 
made, for the word' evolution glides 
from the tongue with astonishing ease, 
involving, as some one has said, like the 
corresponding German word Entwick- 
elung, all the elements of our vocal ap- 
paratus in a mo.st harmonious manner, 
while the word “epigenesis” is harsh 
and forbidding. Furthermore, the word 
epigenesis in biology has a technical 
meaning debarring it from general use. 

To be sure, the claim might be made, 
and indeed has been made, that the 
whole evolutionary process is one of un- 
folding, a kind of unwrapping, all later 
forms of life being present potentially in 
the amoeba ; but the only possible argu- 
ment for this view would be that since 
everything has come out of the original 
simple forms of life, everything must 
have been potentially present in them. 
But perhaps everything has not come 
out of these simple living forms. This 
is a pure assumption. Possibly some- 
thing has been added all the way along. 
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We speak of the evolution of the auto- 
mobile, but the latest skilled product of 
the automobile art was not potential in 
the first crude machine. Every improve- 
ment has been a new creation. Suppose 
that you are building a new house and 
you describe how the plan has ^ ‘ evolved * ' 
in your mind. But the fact is that every 
change or every addition was a new 
thought, an improvement, a plus, a crea- 
tion. The original simple house plan did 
not contain any potency of the final per- 
fected scheme. 

Briefly, then, the meaning of evolution 
is that it is a creative process, something 
new appearing at every step of the de- 
velopmental history. Evolution is a 
process not of unrolling but of upbuild- 
ing. Every change is a transformation. 
The French word transformisme is a 
happier word than the English “evolu- 
tion” or the German Entmckelung, 

Evolution is a history of new forms 
and functions. Every new form is a 
plus — a new creation. Since Wundt in- 
troduced the notion of creative synthesis, 
the word creation is coming into general 
use both in science and philosophy. Cre- 
ative evolution is a phrase made famous 
by Bergson. Professor Moore in his 
book, “The Origin and Nature of Life,” 
says that “traces of evidences are lately 
beginning to come into view which are 
highly suggestive of continuous present- 
day creation of matter at the inorganic 
level, and of creation of life from inor- 
ganic materials at the organic level.” 
Creation does not mean the production 
of something out of nothing. The archi- 
tect creates a Gothic cathedral, but he 
does not create the stone and mortar. 
The promoter creates a new organiza- 
tion, but he does not create the men that 
compose it. Creation means just this — 
the production of something distinctly 
new and unique. Reality is found, as 
Aristotle told us long ago, in structure, 
form, organization and function, not in 
the mere stuff which happens to compose 
the material. Organic evolution is es- 
sentially constructive and creative. 


IV 

Out of all this there emerges a curious 
and unexpected convergence of the two 
supposedly irreconcilable theories of the 
evolutionist and the special creationist. 
An illustration will make this conver- 
gence clearer. It is repugnant to the 
special creationists to suppose that the 
mind of man has been evolved from ani- 
mal behavior. But we see now that mind 
according to the evolutionists is not 
something evolved out of animal be- 
havior. Mind is in no way potential in 
such behavior. When it comes it is some- 
thing new. Even according to the obso- 
lescent Darwinian theory of small varia- 
tions, every variation is a novelty, and 
somewhere in the history of mental de- 
velopment an all-wise observer would be 
obliged to say, “This is no longer animal 
instinct, it is mind”; while according to 
the mutation theory, we may believe that 
mind more suddenly appeared. 

Tjet us suppose, however, that the spe- 
cial creationist is not satisfied with this 
identification of the two views. He be- 
lieves that God created man in his own 
image a little lower than the angels, 
while evolution teaches that man is de- 
scended from ape-like creatures by a 
natural process. The two views are thus, 
as he thinks, diametrically opposed. But 
are they opposed at all? A little care- 
ful reflection will show that they are 
very much alike, for whence, according 
to the theory of evolution, come those all- 
important variations, those wonderful 
and unexplained mutations, those sig- 
nificant increments and novelties ? They 
just appear. But they do not appear 
without a cause and, as we have seen, 
they are not implicit in the first life 
germs. If, however, as evolutionists be- 
lieve, they are upward steps in an epi- 
genetic process, if they are new crea- 
tions, some adequate creative power 
seems to be implied. As life and mind 
are the results of the organization of 
simple physical and mechanical units, 
some adequate organizing agency is re- 
quired. Something or some one is mar- 
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shaling the units into a majestic order, 
call it, if you please, with Wells and 
Shaw, a life force; call it with Bergson 
an elan vital; call it an evolutionary 
urge, or struggle for existence, or will to 
live ; or call it, as Lloyd Morgan does in 
his recent book on Emergent Evolution, 
just simply God. 

Here, of course, the objection may be 
urged that the reconciliation is very in- 
complete, since the evolutionist often 
does not admit the existence of any life 
force, or elan vital, or any creative God, 
but attributes the whole evolutionary 
movement to the action of resident 
forces. Le Conte, for instance, defined 
evolution as continuous progressive 
change according to certain laws and by 
means of resident forces. But the fun- 
damentalist might have no objection to 
this definition, for he, no doubt, believes 
in an immanent God, who resides'' in 
the world and exercises his creative 
power there; and the evolutionists, at 
least many twentieth century evolution- 
ists, when they speak of resident forces 
do not use the word force in the sense 
which it bears in the mechanical sciences, 
for the latter is not cumulative, creative 
nor progressive. In like manner the old 
dispute as to whether the creative forces 
are natural or supernatural has lost its 
significance, since the meaning of the 
word supernatural depends wholly on 
the limitation which one chooses to put 
on the term nature or natural. 

But what about the other part of the 
fundamentalist's creed, namely, that 
'‘man was created in the image of God, 
a little lower than the angels" ? At first 
it seems as if there were a fearful con- 
trast between this view and the doctrine 
that man is descended from ape-like 
creatures, but the contrast speedily dis- 
appears when we reflect that man by 
means of these successive increments has 
progressed so far away from the ape-like 
creatures that he is now only a little 
lower than the angels. According to the 
evolutionary theory of the present, it is 


a very long time that man has lived upon 
the earth, half a million years and per- 
haps much more. If one should go back 
farther than that remote time and in- 
quire as to the form of the prehuman 
race, it could only be said that such a 
race was neither simian nor human. 
But the significant fact is that in that 
immense time man has climbed a long 
way toward the angels and seems indeed 
to be approaching the image of God. 
For we think of God as the power which 
makes for righteousness, the sum of ideal 
values, and slowly but surely, now with 
rapid steps, now slipping a little back, 
man is realizing those ideal values. He 
is never satisfied with the heights he has 
gained, but aspires upward. Human 
slavery, war, the subjection of woman, 
child labor, religious intolerance, intem- 
perance — ^they were all once just taken 
for granted. Now we are ashamed of 
them all. Some are gone, all will have 
to go. Human interesta are ever getting 
higher. Art, literature, science, philoso- 
phy, social service, social justice, more 
equal opportunities, rights of women, of 
children and of laborers — these are the 
enterprises of men of the twentieth cen- 
tury. 

Another feature of twentieth century 
evolution is the lesser emphasis put upon 
the notion of nature as a battlefield — as 
a scene of sanguinary and ruthless strug- 
gle in which the fittest survive. This 
was one of the unhappy ideas associated 
with the name of Darwin, even until re- 
cently made the excuse and vindication 
of every evil thing in human society. 
It is unfortunate that a part of this pre- 
cious twentieth century has got to be 
spent in “unthinking our convenient 
Darwinism." Professor Patten, writing 
as a biologist, says that the altruism and 
cooperation which we are coming to rec- 
ognize as the absolutely indispensable 
condition of further social evolution are 
basal and primary factors in the grand 
strategy of evolution in nature itself. 

In fact, there seem to be indications 
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that the whole evolutionary nomencla^ 
ture of the nineteenth century was un- 
fortunate. Perhaps we need a new set of 
terms all around to describe that great 
world movement which for seventy-five 
years has gone by the name of evolution. 
Many biologists are beginning to ques- 
tion the presupposition of the nineteenth 
century that the concepts of the mechan- 
ical sciences have any special prerogative 
in the interpretation of life and mind 
and society. Professor Haldane has 
gone so far as to reverse the order and 
suggests that ‘^the idea of life is nearer 
to reality than the idea of matter and 
energy,” and J. Arthur Thomson be- 
lieves that the formulae of physics and 
chemistry are no longer adequate for the 
description of behavior or of develop- 
ment or of evolution. It is generally felt 
that Herbert Spencer “put something 
over” on the scientific world when he 
exalted a certain trio of concepts, 
namely, matter, motion and force, whose 
redistribution was to explain the whole 
world. 

Biologists of the present time are 
largely engaged in patient and persistent 
investigation in the field of genetics, 
wisely refraining from speculation as to 
the causes and meaning of evolution. 
But it is difficult to refrain from all 
speculation, and when biologists do enter 
the field of philosophy and speak of 
theories of evolution, it is interesting to 
notice the new terms which they are 
using. We hear much of creative evolu- 
tion, not always in the strict Bergsonian 
sense. We hear of “emergent evolu- 
tion.”* We hear evolution described as 
“a struggle for freedom,”* or as a proc- 
ess in “self-expression.” We hear of 
animate nature as being the work of “an 
artist with inexhaustible imaginative re- 
sources, with extraordinary mastery of 

< Compare 0. Lloyd Morgan, "Emergent 
Evolution," and J. Arthur Thomson, "Con- 
cerning Evolution," p. 205. 

•By Albert P. Mathews in "The Boad of 
Evolution," Yale Beviev), January, 1022. 


materials.”* We hear of the material 
fabric of nature as being “alert” rather 
than “inert.” We hear of “the grand 
strategy of evolution.”^ We even hear 
of evolution as a process of achievement, 
in which life and mind and moral con- 
duct and social organization and science 
and art are values which have been won. 

V 

It should be noticed finally that the 
insufficiency of the terminology of evolu- 
tion has been shown equally in other 
fields of inquiry than in the plant and 
animal kingdoms. When we hear of as- 
tral, geological, atomic and societal evo- 
lution, we wonder just what content the 
word carries in these several fields. 
Herbert Spencer, to be sure, devised a 
celebrated formula which he called evo- 
lution and which he thought he could 
spread like a net over the operations of 
nature in every phase of its activity. 
Evolution, he said, is “an integration of 
matter and concomitant dissipation of 
motion ; during which the matter passes 
from an indefinite, incoherent homo- 
geneity to a definite, coherent heteroge- 
neity; and during which the retained 
motion undergoes a parallel transforma- 
tion.” In the last century this was con- 
sidered a brilliant generalization, ex- 
plaining the meaning of evolution. It is 
now considered a rather empty formula, 
significant and interesting, to bo sure, 
and true in a way, but not so universal 
or significant as Spencer thought. Cer- 
tainly it has no claim to being a law of 
nature, since one would hesitate to use it 
in predicting the future in any field of 
inquiry. With our fuller teowledge 
now, I think we should say of Spencer’s 
formula — If it be true, what of it? We 
may call this evolution, but we are no 
wiser than before. Spencer’s identifica- 
tion of evolution wiih progress, further- 
more, no longer commands respect. 

• "The Outline of Science,” Vol. iii, p. 706. 

V Compare William Patten, "The Grand 
Strategy of Evolution." 
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What content has the word evolution 
as applied to society t Recent schools of 
sociologists place much less emphasis 
than formerly upon the concept of so- 
cietal evolution, and when they use the 
word they mean usually nothing more 
than that society changes in a certain 
orderly manner. Society does not un- 
roll, neither are its movements well de- 
scribed by Spencer’s formula. Society 
changes, and as we look back upon these 
changes we can detect a certain “de- 
sign,” not of course in the sense of some- 
thing designed, but of something in 
which a certain unity and meaning can 
be discerned. When, therefore, sociolo- 
gists persist in speaking of social evolu- 
tion, it is rather from the force of habit 
or the tyranny of nineteenth century 
thought than from any special appro- 
priateness of the word. Society does not 
unroll nor evolve; it is changed, en- 
larged, and sometimes perfected by the 
successive additions of new ideas and in- 
stitutions, such for instance as the cin- 
ema, the automobile, aerial transporta- 
tion, votes for women, the League of Na- 
tions, limitation of armaments. 

One hears again of mental evolution, 
but if from our modem point of view we 
examine the process by which mind has 
come into the world of living organisms, 
we find that the word evolution fits it 
poorly. There is no evidence, for in- 
stance, that those fundamental elements 
of mind which we call conative tenden- 
cies, wishes, impulses, those profound 
“energy infiuences seething and bub- 
bling in the organism” evolve in any 
sense of the word. They seem rather 
like persisting appetites or cravings or 
aspirations seeking a goal. Neither does 
intelligence nor consciousness evolve. 
Instincts are not potential in tropisms 
nor is adaptive behavior potential in in- 
stinct, nor is intelligence a more complex 
form of instinct. Intelligence, when it 
comes, is something new — a new instru- 
ment, a novelty, perhaps an achievement. 


The mechanistic, Spencerian, Darwinian 
vocabulary of the nineteenth century 
docs not fit the birth of mind, nor do the 
formulae of evolution illumine it. And 
then, of course, there are great spheres 
of reality where evolution is not present 
in any sense, such for instance as time 
and space and the laws of logic and 
mathematics and the laws of nature. 

One hears also lately much about the 
evolution of matter. What does the word 
mean here? The discovery has been 
made that the atoms of certain elements 
of high atomic weight disintegrate into 
elements of lower atomic weight. The 
guess is ventured, therefore, that all 
the elements may be theoretically re- 
solvable into a simple element, such as 
hydrogen, and the further guess is ven- 
tured that somewhere and sometime the 
reverse process may take place, so that 
from some simple element, such as hy- 
drogen, all the other elements may arise, 
and presumably they will arise in the 
order of their atomic weight. To the 
latter process the name evolution has 
been applied. But it seems to be just the 
opposite of an evolutionary or unrolling 
process. It seems much more like a crea- 
tive synthesis, an architectural enter- 
prise. One looks instinctively for the 
architect. 

In fact, not only in the creation of 
matter and in the birth of mind, but 
throughout the whole course of nature’s 
expansion, the thought of the twentieth 
century seems to dwell on other aspects 
than those emphasized by Spencer and 
Darwin. Our interest is now centered 
more upon “formative forces,” forces 
that are creative, cumulative and syn- 
thetic. “Organization” is a better 
word than “evolution.” The new does 
not come from the old either by a proc- 
ess of unrolling or by a mere additive 
process. It appears to come as a result 
of organization. Even the word “or- 
ganization” seems too tame as a descrip- 
tion of Nature’s efforts. As Stewart Ed- 



EVOLUTION AND FUNDAMENTALISM 


15 


ward White says in his recent book 
‘'Credo/' nature seems to be the up- 
surging of a single vitalily seeking out- 
let, and Bernard Shaw thinks that the 
saying, “Where there is a will there is 
a way" expresses more truly the mean- 
ing of evolution than the Darwinian se- 
lection theories. 

In the eventful years which are to fol- 
low in this wonderful twentieth century, 
when the future of our civilization seems 
to be in the balance, the two things that 
are most needed are cooperation and cre- 
ative effort. And strangely enough, the 
science of the day finds just these two 
things to be principles more original and 
significant than the chance variation and 
survival of the fittest which character- 
ized nineteenth century thought. 


There is no real reason to believe that 
the forces which are working towards 
progress in society to-day are essentially 
different from the forces which in the 
past have been productive of every new 
step in the development of plant and 
animal life or in the production of ani- 
mal and human intelligence or of con- 
sciousness and moral judgment. The 
phrase “creative effort" designates 
these forces better than the term evolu- 
tion. It remains for some one to dis- 
cover a still apter term to characterize 
the world movement, a term which shall 
catch the ear of the twentieth century as 
evolution did in the century past. When 
this new term is discovered, evolutionists 
and fundamentalists may find some of 
their differences harmonized. 



OVER-POPULATION AND THE LIVING 

STANDARD 


By Professor EZRA BOWEN 

LA7ATETTK OOLLXGS 


A TINY colony of ants appears upon 
your hearth. A few grains of sugar 
somehow fell there and attracted these 
immigrants. There was food in the 
region from which they came, but it was 
not so plentiful as in this New World. 
Just so has America become peopled 
with Europeans. 

An ant, let us say, requires for sus- 
tenance one grain of sugar a day; you 
supply, daily, exactly ten grains ; the ant 
population will soon settle down to ex- 
actly ten. If there were originally thir- 
teen ants, three must emigrate or die. 
There are just ten grains of sugar, and 
that will support ten ants — no more.' 
The rate of propagation is a furious one. 
That matters not. Ants in other regions 
get wind of the sugar, and a terrific im- 
migration sets in. Again, no matter. 
Immigration, emigration, death-rates, 
even birth-rates, have nothing to do with 
population; or rather, they are secon- 
dary matters, themselves determined 
ultimately by economic considerations. 
The controlling fact is the sugar supply, 
ten grains; that settles it, a population 
of ten, yesterday, to-day, forever. . . . 
The population of Nevada per square 
mile amounts to seven tenths of a per- 
son; Nevada’s meagemess will support 

^ This ant example is of course purely imagi- 
nary, a mechanical or artificial illustration. 
The physicist, exhibiting the model of an oxy- 
gen atom, is not trying to prove a theory of 
matter, but merely endeavoring to illustrate a 
strongly appealing hypothesis. In fact, this 
little essay is, in whole, simply an attempt to 
illustrate an hypothesis of population — b: 
clearer and fuller statement of the author’s 
^’Sponge Theory of Population,” published in 
the January 7, 1925, issue of The New "Re- 
publie* 


no more. But Massachusetts’ humming 
mill-wheels produce a flow of value that 
supports a population, per square mile, 
of four hundred and seventy-nine. More 
sugar, more ants. 

In a burst of open-handedness, you 
raise the sugar ration to twenty grains. 
A few weeks later you take a census — 
and with what result t To be sure; 
twenty ants. There was immigration, 
but no matter ; the death-rate slackened ; 
even the birth-rate may have changed — 
we must ask the biologist about that — 
but no matter. There is but one matter 
of import : twenty grains of sugar, daily, 
instead of ten. Ten grains: ten ants. 
Twenty grains: twenty ants. 

For hundreds of generations, the 
population of North America (before Co- 
lumbus) remained nearly stationary at a 
million and a half : to-day, only four and 
a half centuries later, it is a hundred 
times as great. The vast wilderness for 
thousands of years yielded to bow and 
arrow sustenance enough for a million 
and a half of mankind — no more. Then 
forests were felled, making rich tillage 
and pasturage. Machinery came, and 
system, and science, opening richer 
fields: coal fields, oil fields, iron fields, 
copper fields, gold fields. A Niagara of 
value poured forth its abundance. Pop- 
ulation increased a hundred-fold. More 
grains of sugar: more ants. 

Let us see how our little colony is 
getting on: Twenty grains of sugar, 
daily, and twenty ants. . . . However 
absurd, let us say our ants demand some 
bird-shot to roll about in play. No ; our 
generosity will not afford so much. But 
as they insist — especially two or three 
fat fellows that nibble some other’s 
sugar grain when theirs is eaten — we 
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compromise on ten shot and, daily, ten 
grains of sugar. Ten grains of sugar 
and twenty ants? Yes; ten ants must 
die. A standard of living that includes 
both sustenance and play pinches out 
ten lives. High and unbalanced living- 
standards are as deadly as natural 
scarcities. 

Had our ants been content with five 
shot for play and fifteen grains of sugar, 
the population could have been main- 
tained at fifteen. Had they insisted 
upon their shot and other gimcracks be- 
sides, driving us to cut the ration to five 
sugar grains, the surviving ants would 
have lived a well-equipped, civilized, so- 
phisticated life ; but the survivoi^s would 
number only five. . . . Our example is 
absurd? — it is not true to ant life? No; 
but true of man life, where interest is 
thus divided between desires and needs. 

A wren, a mouse, a perch — all living 
tilings but man— have a fixed standard 
of living, a bellyful every" so often, and 
nothing further. An increase in sus- 
tenance means a like increase in popula- 
tion. But man produces consciously a 
large part of the food values he con- 
sumes, and he insists upon producing 
and consuming other values as well. 
(The value of the motor-car that just 
flashed by — that value, in food, would 
sujiport a workman’s family for seven 
year’s.) Man’s productive energy is di- 
vided ; part is ex]>ended upon tlie pro- 
duction of food values, and part upon 
the production of far different values: 
buildings and clothes, steamships and 
railways, theaters and parks, telephones 
and motion pictures, radios and motor- 
cars, smoking materials and chewing 
gum. In the proportion that these 
things enter into the living standard 
by just so much, the tendency of hu- 
man population to increase as wealth 
increases is thwarted. Populalions, 
whether of ants or wolves or butterflies 
or men, tend to increase directly as weal 
increases; but when we speak particu- 


larly of man, we must add: population 
tends to decrease as the standard of liv- 
ing rises. 

Though the flow of wealth in Great 
Britain more than equals that of China, 
the population of Great Britain is but 
forty million, and the population of 
Cliina four hundred million. A vast 
difference in living standards explains 
this striking contrast : the Chinese stand- 
ard of living is hardly a tenth as high 
as the British. The population of the 
United States is one hundred and ten 
million; the population of India triples 
that amount, though India’s rate of 
wealth production is not a third that of 
the United States. Again, a difference 
in living standards will explain. If 
Americans were to convert into food the 
huge flow of value they create, content- 
ing themselves witli an East Indian 
standard of living, the population would 
soon number half a billion — assuming, 
of coui’se, the necessary improvement in 
agricullure, or the production of syn- 
thetic foods; and neither of these as- 
sumptions is so bold as the suggestion 
that the American cut his standard to a 
tenth its present dizzy height. 

Birth-rates, death-rates, immigration, 
emigration — all are secondary considera- 
tions in the poinilation problem. The 
piston, piston-rod and crank-shaft of an 
engine are important, but secondary, 
circumstances; the underlying matter is 
the expansive force of stenm. Control- 
ing factors in the growth of human pop- 
ulations are but two : the rate of wealth 
production and the standard of living. 

Insect, animal, reptile and plant popu- 
lations var}" directly as the means to ex- 
istence increase or decrease. These crea- 
tures are not hampered by intelligence 
and a craving for ever higher living 
standards. But with man it is differ- 
ent : A.S between areas in which similar 
standards of living prevail, population 
varies according to the amount of an- 
nually available wealth: in areas that 
produce equal amounts of wealth, popu- 
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lation varies inversely with the height 
of living-standards. 

The amount of value produced an- 
nually in Montana is about equalled in 
Mississippi; but Mississippi has throe 
times Montana’s population. Simply, 
the standard of living in the Southern 
black belt is very low. Standards of 
living, on the other hand, are about the 
same in Idaho and Kansas; yet Kansas’ 
impulation is four times that of Idaho. 
And why? Kansas produces annually 
a far greater wealth than does Idaho. 
If the flow of value in Great Britain in- 
creases ten per cent., but every family 
consumes ten per cent, more, in com- 
forts or in luxuries, po])ulatioii must re- 
main the same. 

One more principle must be included 
to cover fully the man case in popula- 
tion: Standards of living tend to in- 
cretuse more rapidly than wealth. Every- 
one sees this principle at work in his 
neighbor’s (conduct — some few admit its 
influence upon th<‘mselves. Give the 
brilliant young thirty-six-hundred-dol- 
lar-a-year assistant-cashier of a big city 
bank a vice-presidency, and how (piickly 
his standard of living runs up to and 
exhausts his new twenty thousand dol- 
lars. The laborer, with his large family, 
has a milder craving for a high ])lane 
of material existence than has the fore- 
man over him. The i)enniless negro has 
less conceni over the growth of his fam- 
ily than has his well-to-do white neigh- 
bor; tlie mechanic minds less his increas- 
ing brood than does the rising young 
physician*- his worried eye flitting from 
wdfe to calendar to bank-book. If stand- 
ards of living increased proportionately 
with wealth, the tendency toward small 
families would be the same all down the 
line; but as you run the economic scale, 
you find, as wealth increases, the pres- 
sure toward restriction becoming ever 
greater — this, as true of nations as of 
families. For standards of. living — or of 


craving — increase more rapidly than 
wealth. Wants increase as wealth in- 
creases, and this is generally recog- 
nized; but, quite as important and no- 
where recognized, is the fact that this 
increase itself increases — there is accel- 
eration. Here is a principle that goes 
far in explaining the large families of 
the poor, and why the tendency toward 
restriction works in the well-to-do family 
and in the prosperous nation with such 
devastating eflect. 

Populations of all kinds, animal and 
vegetable, tend to increase directly with 
abundance in the means of existence. 
With man, the consumer of varied and 
conflicting values, population tends to 
increase as the flow of value rises, but 
this tendency is off.set to the extent that 
non-essential values enter into the rising 
living standard. We have no quarrel 
with modern standards of living; to the 
contrary, higher and highej* standards 
are desirable, and as inevitable as they 
arc good. An explanation of the ])rin- 
ciples of population is all that is here 
attempted. But if a moral must be 
pointed, it is this: The desirability of a 
good quality of food and other cvssentials 
is by its very obviousness thrust into 
some oubliette of consciousness; while 
luxuries, whicdi are the more conspicuous 
for their scarcity, are feverishly desire<l. 
lentil education has given every one a 
much sounder scale of values, some ex- 
ternal influence must be set up to make 
the emphasis in the consumption of 
goods and services fall where it should. 

The upward trend of living standards, 
almost entirely the result of an increas- 
ing insistence upon nones.sentials, con- 
.stantly outruns all gains in wealth. 
Presuming no change in man’s scale of 
valuCvS, our net conclusion then must be: 
The enigmatic, decreasing increase, at 
pre.sent so conspicuously general to hu- 
man populations, will continue — until of 
course, populations begin actually to 
shrink. 



LESSONS FROM FIJI 


By Professor C. C. NUTTING 

UNIVERSITY or IOWA 


I 

Ouu friends received the news tlmt wc 
were facing to Fiji with cheerful predic- 
tions that we would meet our fate as in- 
terior decorations of the natives. This 
typifies the ordinary information that 
most Americans are conscious of regard- 
ing Fijians — that they are cannibals; 
and it is just about as up-to-date as a be- 
lief that Americans arc given over to the 
practice of burning witches. 

A hasty review of recent ])ul)lications 
regarding the South Seas gives one the 
impression that few of us go tliere with 
the idea of learning anything that is of 
ethical importance or soul -elevating. 
Some go to exploit the simple savage in 
a commercial way’', others to teaidi him to 
be good and civilized; and still others, 
and they’' reap a rich literary harvest, to 
expatiate on a paradise of lovely women 
in scant raiment and morals to match. 

Our party of naturalists from the 
State Fniversity of Iowa had no such ob- 
jectives. We hoped to learn a few 
worth-while things, and we did; indeed, 
wc learned so much that was unexpected 
that we are garrulous about it. The 
natives themselves interested us most of 
all. The population of the Fiji grouf) 
furnishes material for serious refl(‘ction, 
particularly to one who has the point of 
view of the profe.ssional biologist ; a wa.y 
of looking at things that is not evident 
in recent publications concerning the* 
South Seas, but never the less well worth 
presentation and consideration. There 
arc about ninety thousand Fijians 
proper, sixty-one thousand ‘‘Indiams” 
or Hindus, as we would call them, and 
forty-five hundr*cd whites scattered 
through the two hundred islands, most 
of which are small and uninhabited. The 


total area is somewhat greater than that 
of the British West Indies, excluding 
Trinidad. 

We found the Fijians as different 
from the other Polynesians to the east- 
ward as the English arc from the 
French. They are upstanding, soldierly^ 
fellows, not flabby', but with good liard 
muscles; men who looked the white man 
in the eye without either servility or 
truculence, men who dealt honestly with 
you and insisted on honest dealing in re- 
turn. They' are considerably' dark(»r than 
the other Polynesians that wc saw, prob- 
ably' owing to a negroid admixture from 
New Ouinea or New Hebrides, and seem 
to be more alert and virile than the 
natives of Rarotonga and Tahiti, for in- 
stance. Their chief pei'sonal adornment 
is their hair, in which some of them take 
inordinate piide. It is kink.v, but not 
woolly', stands out for four or five inches 
all around the head like a black or red- 
dish-black halo, and is clipped evenly' as 
by' a lawn-mower; really' an imposing 
and statidy’ head ornament. 

One man, belonging to the Defense 
Force and s])orting a particularly fine 
ernffure, explained that he washed his 
hair thoroughly' three times a day', dried 
it car(*fully', rubbiMl in cocoamit oil and 
then combed it out straight. He sl(*pt 
with a stick of wood und(‘r his neck, so 
that the precious headdress should not 
touch the ground. This seems a lot of 
trouble, but these men evidently^ think it 
worth it and it costs nothing but time. 

I doubt that liistory can show a greater 
or more rapid change for the better than 
has taken place in Fiji during the last 
two or three generations. The details of 
the life and customs of these people 
given in the narrative of the Wilkes 
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A MILITAllY DANDY OF Fiji, INORDINATELY PROUD OP 1118 HAIR. 


Expedition near tlio middle oi‘ the last 
century are so revolting as to be si'arccdy 
credible. Constant wai^s, ])illage, mur- 
der, massacres of whole communities, 
cannibalism and other atrocities too 
frightful for detailed description fill 
many chapters devoted to Viti Levu, the 
main island; and these conditions pre- 
vailed up to within the memory of men 
now living, one of whom I saw at Bau. 

II 

Compare the nightmare of the last 
century with the situation as we found 
it. A people kindly, courteous, law-abid- 
ing, with no experience with tribal war 
for many years ; a people among whom 
a stranger can travel in security. As a 
proof of the absence of thievery, for in- 
stance, it is sufficient to cite the fact that 
the Fiji Club, where we were given 
quarters while in Suva, has its dooi*s and 


windows perpetually o])en day and 
night, even when the lights are out and 
all hands are asleep. Yet not a thing 
was stolen and no one seemed to consider 
even the possibility of theft. I was told 
by Colonial Secretary Pell tliat a 
stranger could visit even the remotest 
parts of Viti Levu with perfect safety 
to life and property. The natives are 
uniformly hospitable, even in the jungles 
of the interior; although it may be some- 
what embarrassing to have the entire 
population of a village insist on seeing 
one to bed! 

No one can contrast the past with the 
present conditions in Fiji without seek- 
ing the cause of this amazing transfor- 
mation, and any honest inquiry will 
show that two factors are in the main 
responsible. One of these is the work of 
the missions and the other the wise colo- 
nial policy of Great Britain. 
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ItATU POPiS, CHIEF OF BaU, ORANDSON OF THE LAST PlJI KINO. 


One of the most popular piLstimes of 
travelei^s in the South Seas is ‘‘knock- 
ing the missionaries/’ a sport hugely en- 
joyed by the very men whose lives would 
be an exceedingly bad insurance risk 
were it not for the presence and teaching 
of these same missionaries. The colonial 
authorities, who presumaidy know what 
they are talking about, have little sym- 
pathy with this form of diversion ; but, 
on the contrary, are warm in their a])- 
preciation of the results attained by the 
various missions, be they AVesleyan, 
Roman Catholic or of any other denomi- 
nation. 

On invitation I accompanied the su- 
perintendent of schools on a trip to in- 
spect the Wesleyan Mission in charge of 
the Reverend Donald Lelean. Tt occu- 
pies a large tract of high rolling land 
overlooking the Rewa River. The Baker 
Memorial School is one of the best build- 
ings we saw in Fiji, and the entire plant 


indicates thrift, industiy and good man- 
agement. The station has a population 
of about five hundred people, including 
Fijians, Indians and missionaries, to- 
gether with their families; and they 
raise enough taro, yams, bananas and 
other vegcitables to meet their entire 
needs. Here is the first kindergarten 
established in Fiji, and a manual train- 
ing school where natives under the direc- 
tion of skilled mechanics make furniture 
and otluT things, some of them under 
contract with the govcniimiut. Their 
grandfathers were cannibals during the 
bloody regime of Cacohau, the last of 
the Fiji kings and grandfather of my 
host, Ratu Pope of BaU-, 

Our investigation of the situation in 
Fiji gives us the feeling that knocking 
the missionaries would be just about as 
ze.stful an amusement as abusing the las- 
sies of the Salvation Army; and I con- 
fess to a susi)ici(m that some recent trav- 
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A Fiji AX costume, not or no leaves. 


olors to the South Seas fool a iiersoiml 
resentment against the missionaries tor 
their activity in bIockin«: the un re- 
st rained enjoyment of the unmoral eon- 
(lition of the childlike natives. 

It is liard to resist the further imjires- 
sion that tlune is a similar backf^round 
for the indifi:nation aroused by the in- 
sistence on the iiart of the missionaries 
that the natives wear at least a decent 
minimum of clothes. 

]TI 

Speaking of the Baker ^lemorial 
School reminds me of another and very 
practical lesson. After leaving Fiji we 
were told the story of the killing of the 
Reverend Mr. Baker, in whose honor the 
school was built. 

It seems that a Fijian chief visited 
Mr. Baker and, seeing a comb which took 
his fancy, appropriated it and stuck it in 
his bushy hair. The missionary, j)er- 
haps without due retlection, reached out 


his hand, removed the comb from the 
chief’s licad and was immediately killed 
by his followers — a most atrocious and 
unprovoked murder according to our 
ideas. But let us look at it from the 
standpoint of the natives. 

According to their laws the chief had 
a perfect right to appro])riate anything 
found in his territory. Moreover, his 
person was sacreil from jirofane touch, 
])articularly his head: and the violation 
of this tabu was inexorably punished by 
death according to all the long-estab- 
lished an<l recognized customs of the 
land. Imagine an American woman vio- 
lated in the presence of her peo])le, and 
we have a situation which seems to be 
parallel. In the eyes of the Fijians the 
killing of Mr. Baker was a justifiable 
legal execution, not a murder at all ! 

One of the mo.st revolting customs of 
the natives of Viti Bevu, as related by 
Wilkes, was the murder of parents by 
their own children, a universal custom 
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They mke to adokn tiieih heads with leaves. 


acc*ordin^ to his narnativo. Now let ns 
take their point ot* view. 

The old Fijians believed hi a real 
pliysieal immortality. They believed, 
more()V(»r, that a man lived throujjhour 
eternity in the physieal eondilion in 
whieh he died. IL* aged and infirm at 
death, ho would forever be infirm, per- 
haf)s helpless. Therefore the Fijians 
fean»d old age with its aeeompanying 
disability mueh more than they feared 
death, lienee they re(|uested, even de- 
manded, that their ehildreii perform the 
saered filial duty of ])utling them out of 
the way. Aeeording to their tradition, 
law if you please, the sons were not only 
justified but required to perform an aet 
whieh we regard as one of the most hor- 
rible of all crimes. 

IV 

Here we leanied the lesson of the 
simple life, expatiated on by most writers 


on South Sea experienees. The details 
are worth our pondering, and will be of 
use later on. The cost of living is here 
redueed to a minimum and this re<lue- 
tion of cost means a eorresponding re- 
diietion in necessary laboi*. The family 
budget is not formidable and would be 
something like this: 

For clothing, j)raetically nothing, as 
neither men, women nor children wear 
anything on ln‘ad or feet, and Faster 
bonnets ari' unknown. The men ordi- 
narily are clothed simply with the 
“sulu,^’ a ])iecc of cotton cloth al)out the 
size of an ordinary face towel wra])])ed 
al)out the loins and rolled in at the waist 
to hold it in place. The children dis- 
])ense with even this: while the good 
wife wears an everyday costume consist- 
ing of a sulu of somewhat ampler pro- 
])ortion. But on Sunday she wears a 
cotton ‘‘mother Hubbard” without 
tucks, flounces or othei* extravagances. 
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Sometimes she wears under this a lapa 
skirt of her own weaving. There are no 
millinery or dressmaking bills whatever. 

For the family domicile, next to noth- 
ing. The poles for the frame are se- 
lected from the adjacent I’orest, and 
reeds fastened together in neat patterns 
with sennet form the inner walls of the 
one-room house. The roof is of that(*h 
and the outer wall is formed of imbri- 
cating leaves to shed the rain. A single 


opening serves as door and window, 
while the lioor of hard earth is elevated 
a foot or two above the ground and 
covered often with tapa mats, made at 
home by the women. No glass, no nails, 
no hardware of any sort; and no labor 
unions have to be dealt with, neither is 
there any walking delegate to make 
afraid ! 

For furniture, a few sliillings to pur- 
chase a porcelain plate about two feet 
in diameter, in which the family meal is 


served; or perhaps it would be better to 
call it a community meal, cooked on the 
common fire out-of-doors. There are no 
beds nor bed-linen, fine mats of tapa 
cloth serving the purpose; no tables, 
chairs, knives, forks or spoons. Cups 
are made of gourds, bowls of calabashes 
and no individual plates are used ; 
neither are there carpets, wallpaj)er, 
stoves or books. Of course there are no 
beds to make, carpets or rugs to sweep, 


dishes to wash or tables to set. Think of 
that, girls, and the women’s lives are 
without the daily grind of endless 
drudgery so nerve-wearing in the case 
of tlie middle and lower classes in 
America. 

For food, a few ])eniiies per week for 
extra luxuries not produced locally. A 
little patch of ground is sufficient to 
meet the family needs in the way of 
taro, yams, ])lantain and other vege- 
tables ; while breadfruit, mango, oranges, 



Fijian students at the Weslf.van mission. 
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sometimes pineapples and always eocoa- and sing well. Occasionally they in- 
nnts in abundance are near most of the dulge in a or dance, but we did 

villages. Little meat is required, al- not see men and women dancing to- 
though much relished; a i)ig or two, per- gether. They talk, often vociferously, 
haps a goat and a small flock of chickens and enjoy it. Kava drinking is a sort 
arc raised by the villagers themselves, of social ceremonial, and sometimes lasts 
Fish are plentiful near the coast and nearly all night. The women are modest 
along the main streams, and the Fijians in bearing and seldom show sex con- 
are skilful in tlie use of spear, fishtraps .sciousness, in which they differ from 
and nets. For drink, the kava made most Polynesians. For all that we could 
from the yangona root is universal see there is little laxity in morals, and 



TJIK F1.JIANS CAN WORK, AND WORK HARD, ON ‘^STEAMER DAY.'' 


tliroughoui the southern Pacilic. We little evidence of mixture ol* I'aces. The 
found no evidence that it is intoxicating, Fijians dislike the “ Indians’^ and want 
although its use is confined to the men. little to do with them, and the whites 

find hardly any lure in the native 
^ women. Each race lives its own life in 

These people seem content and appear its own way and seems satisfied to do so. 
to be well nourished. They live mostly Hie British officials respe(*t and like 
out-of-doors and have enough exercise to the Fijians, who are by no means in- 
keep them in good physical condition. ferior intellectually. 1 met one bare- 

Their })leasures are simple, but appar- legged and bushy-haired fellow who is 
ently ade(iuate. They sing a good deal an Oxford graduate, fought in the For- 
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They are skillful makers op fish nets. 


eigri Legion in France, and is a scholar 
and a gentleman. Another, Batu Pop6 
Cliief of Ban, showed an ex(iuisite eour- 
when I was a guest in his home, 
spoke as good English as any of our 
party, is a member of the executive coun- 
cil of Fiji and showed a good knowledge 
of world affairs. Nor am I alone in fill- 
ing much to admire and something to 
envy in the simple life of primitive folk. 
Nansen and Stefansson expri’ss the same 
sentiment regarding the Eskimos, and 
O'Brien grows eloquent in describing 
conditions in Polynesia. In Cajitain 
Monkton's ^^Last Days in New Guinea" 
arc many photographs of natives closely 
resembling the Fijians, even to the 
bushy hair. lie describes one of tlie 
largest tribes, the Binandcrc, as a people 
who ‘‘though fierce, warlike cannibals 
were also honest, tnithful, and moral to 
the last degree." 


The contrast between the daily life of 
the Fijians, when removed from the 
Europeaniml cities, and our own is as 
striking as can be imagined. They are 
the extremes of simplicity and com- 
I^lcxity and the difference is worldwide. 
Is there a corresponding difference in 
happiness t They know nothing of the 
delights of the opera, nor of art in any 
form. Regarding their behavior Major 
Chapj)lc says ; 

Nothing is ever soon to offend the most sen- 
sitive observer. Thore are not even overtures 
of affection botwoon the sexes. The women are 
shy and diffident. Tho men never loer or follow. 
The Fijian people might be all of one sex for 
all that in public is ever betrayed. Hyde Park 
or Brighton Beach would shock them to stupe- 
faction. The promiscuous love scenes portrayed 
in the pictures reveal the whites in an unfavor- 
able light to the astonished Indians and Fijians. 

All this is so absolutely different from 
the stories brought back from the South 
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The i)0(m« and windows of the ‘‘Fiji Cduh*' aiie dekpetually open. 


Pacific by our popular writers that it is 
woilhy of our serious conteni])lation. 
The writer is not here ehallenginfi: the 
truth of these charming? descriptions; 
but does insist that it is not true of the 
Fijians ! 

To retuni to the discussion of the con- 
trast between simple and complex civili- 
zations : It may be conceded that we have 
an immeasurably greater variety of en- 
joyments than they, more thrills, if you 
please; but do we not also have an al- 
most infinitely greater number of annoy- 
ances, anxieties, nerve-wrecking stresses 
and strains — to say nothing of actual 
want and grinding poverty? Taking it 
‘'by and large, are we hapjiier or more 
unhappy than the Fijians? The answer 
is, of course, “Both.^^ 

Nearly all Fijians live in small vil- 
lages scattered throughout the islands, 
and ea(*h village is a typical commune in 
itself, thus affording an excellent oppor- 


tunity to study the nature and results of 
communism in its simplest exiiression. 
When the biologist wants to unravel the 
mysteries of the living organism he finds 
it profitable to focus attention on the 
simplest of beings wliicJi manifest the 
firoperties of that marvelous complex 
which wo call ‘‘life. The study of the 
Amoi'ba, for instance, has given us some 
sort of understanding of all the funda- 
mental properties of protojdasm, wdiich 
has been called the “physical basis of 
life,” properties which are believed to 
hold throughout the whole range of liv- 
ing things from the Amoeba to man him- 
self. It seems evident that an examina- 
tion of the communes in Fiji will enable 
us to understand the basic properties 
and natural results of the system in its 
more* complex manifestations. 

A recent writer says: 

Then* is no ownership in Fiji, no individual 
ownrrship. All things are hold in common, cx- 
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The house of Uatu Popft, (iranoson of the last Kino of Fmi. 


copt tlic women — they are particular about that. 
If a thing is indivisible it is in the possession 
for the time being of the one who casually re- 
marks, That ^8 a nice hatchet/^ or ^‘That's a 
nice saddle, ’ ' or ‘ ‘ That ^s nice yangona, ^ ’ 

I imagine, however, tliat if one man 
attains an objoet in this way another 
could relieve him of it by the same pro- 
cedure and that there is a sort of laissez- 
faire sentiment by which is conceded 
j)ra(*1ical possession of desired things by 
common consent. Hut the tenure is in- 
secure, at best, and may be terminated 
by any one who cares to invoke the com- 
munal law. It appears, moreover, that 
a chief is exempt or superior to the law 
and can secure permanent possession of 
any coveted object that is temporarily 
the property of one of his people, and 
against this there is no appeal. 

The perfectly natural result of the 
communistic idea is a lack of incentive 


to accumulate property. “What’s the 
use,” is the native’s answer to such sug- 
gestion. “It wouldn’t be mine if T did 
make it or ])ay money for it to some 
Indian.” This appears to be the real 
reason for the reputation for laziness 
which these natives have among the 
whites. They can and will work, and 
work hard, as is demonstrated every 
“steamer day” by numerous husky 
Fijians, for a few shillings which they 
may spend on themselves or their fami- 
lies; but I doubt if the money is put into 
permanent investments of any sort. 

This is, I believe, a valid objection to 
communism the world over. It offers no 
reward to individual initiative, no in- 
centive to thrift, nothing to make it 
worth while to work steadily or more 
efficiently or embark in any entcr])rise 
that would result in added comfort or 
bettering one’s condition. 
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TIIEIK fish FOTS and OUTKIGUKR ('AN0K8 AKFi OF GOOD WORKMANSHIP. 

The biologist knows flint all advance Fijian rcf?ards himself ns a better man 
in the orj^anie world is due to the tlian the Indian, dislikes him intensely 
stni}?jxlo for existenee, or compriUion, if and wants nothing to do with him ; while 
you j)lease. It is the universal law of the Indian Jias a contempt for the native 
progress and applies to human affairs and regards him as an inferior in busi- 
just as inexorably as to lower forms of ness matters, a lazy good-for-nothing 
life. who is unable to get on in the world. 

But there is another and more serious This situation between the main ele- 
aspect of the case. Many Hindus, or ments in the population is curiously like 
^ ‘ Indians, as they are called there, have that existing in bird life in and around 
been imported as filantation laborers and Honolulu. The pestiferous English 
servants. For ages these people have sparrow from America and the ubiejui- 
lived in a densely populated country tons “mina bird'^ from the Orient have 
where the sti’Uggle has been most intense, practically driven the native birds from 
They are industrious and thrifty and Honolulu and vicinity. An exactly simi- 
many of them have acciuired property in lar situation exists regarding the human 
the shape of little parcels of land and population. The Europeans from the 
small shops of various sorts. Some of Occident and the Chinese and Japanese 
them seem well-to-do, even rich. The from the Orient have invaded the coun- 
relations between Fijians and Indians try and the native Hawaiian race seems 
are not cordial, to say the least. The doomed to extinction. 
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The Bakek Memoiual School was one of the best buildings that we saw. 


It is even so in Fiji. The British 
colonials on the one hand and the 
Indians on the other are the upper and 
nether millstones between which the 
really fine native race seems destined 
either to assimilation, which seems un- 
likely; or obliteration, which I sadly fear 
is probable. 


The lesson, then, is that communism, 
although an alluring ideal, is but an 
iridescent dream doomed by an inexor- 
able natural law to failure when brought 
into competition with a peof)le inured to 
the struggle for existence by which 
progress is alone possible from the bio- 
logical point of view. 







PERSONNEL, PERSONALITIES AND RESEARCH 

By Dr. CARLETON R. BALL 

SmnOR liOBONOKIBT m OHABOE, OmOE or OEREAI. IMVESTIOATIONS, BUKEAU OF FIWINT 
mDUSTRY, U. 8. DEPABTMENT OF AaRICni.TURE 


For many years the writer has been 
concerned with the administration of 
research projects. During this period 
the conviction has been growing that, of 
the several factors contributing to effec- 
tive research, the importance of the per- 
soimel factor has been underestimated. 
This seemed to be especially true of that 
phase of the personnel problem which 
may be designated as personality. The 
present paper is devoted to a discussion 
of that subject. 

Research is the order of the day. The 
last few years have produced a flood of 
papers dealing with one or another of 
its phases or relations. The word re- 
search itself seems likely to become one 
of those overworked terms, a sort of 
shibboleth like psychology, reaction, com- 
plex and others that will come readily 
to mind. Without stopping here to de- 
fine the term, it must be noted that not 
all quests for facts are to be called re- 
search. They may be mere observations, 
they may be surveys. Even where the 
experimental method is used, it docs not 
follow that the process can be called re- 
search. It is better to separate these 
processes into three classes, which, in the 
ascending order of their difficulty, may 
bo called experimentation, investigation 
and research, respectively. No hard-and- 
fast line can be drawn between them. 
They differ in degree rather than in 
kind. At the same time, some such dif- 
ference must be recognized if we are to 
be honest with ourselves and our prob- 
lems. 

There are four chief factors concerned 
in every piece of research. These are 
(1) the problem, (2) the personnel, (3) 


the plan and (4) the equipment. Of 
these, the personnel is the most impor- 
tant. The problem changes as the re- 
search progresses, widening here, nar- 
rowing there, changing direction entirely 
from time to time with new develop- 
ments. The plan necessarily changes 
somewhat with these shifts in the prob- 
lem itself, and also with major changes 
in personnel or equipment. The equip- 
ment, including funds, space and ap- 
paratus, always is a variable. Much can 
be done with little of it; little may be 
done with much. Personnel is more 
likely to be relatively permanent, espe- 
cially under any system of civil service 
appointment and tenure. 

VARyma Characteristics or Personnel 

Personnel is the aggregate of all work- 
ers in an organization or attached to a 
project unit. The individual worker is 
a personality. 

Certain attributes or characteristics 
are desirable in the research personnel. 
These may be grouped roughly under the 
two heads of training and ability. The 
latter is a complex. It comprises, 
among other things, imagination, initia- 
tive, resourcefulness, energy, persistence, 
judgment, honesty, accuracy, depend- 
ability, inspirativeness, loyalty and co- 
operativeness. If the meanings and re- 
lationships of these characteristics are 
studied they will be seen to fall into four 
groups. 

Imagination, initiative and resource- 
fulness form the first group. They are 
the measures of the worker’s ability to 
plan and to do or to interpret new 
things, or his ability to do or to inter- 
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pret old things in new and better ways. 
Energy, persistence and judgment form 
the second group. They are the mea- 
sures of ability to overcome obstacles and 
to carry forward a piece of work stead- 
ily to its conclusion. Honesty, accuracy 
and dependability form the third group 
and, in a way, are the measure of the 
worker’s ethical attitude toward himself 
in relation to his problem. The honesty 
mentioned here is a mental trait. In- 
spirativeness, loyalty and cooperative- 
ness comprise the fourth group and are 
the measures of the worker’s attitude 
toward his associates, his organization 
and his constituency. It is obvious that 
not all workers possess all these charac- 
teristics and that no two workers are 
likely to possess any of them in exactly 
the same degree. 

The first and second groups are most 
nearly questions of ability. They are 
matters of the mind. The third and 
fourth groups are distinctly ethical in 
nature. They are matters of will. We 
recognize this dual grouping when we 
say one is both able and willing. One 
may be able but not willing, another will- 
ing but not able. 

In the list of desirable characteristics 
discussed above, there are twelve sepa- 
rate items. More could have been recog- 
nized. Fewer perhaps would have 
served the purpose equally well. Mathe- 
maticians say there are 4,096 possible 
combinations of a group of characteris- 
tics varying in number from one to 
twelve. This suggests an amazing diver- 
sity in personalities. One person may 
present any one of 4,096 diverse expres- 
sions of personality, depending on the 
presence or absence of these attributes. 

But this is not all the story. No 
characteristic is wholly lacking. Each 
one may vary in intensity, however, 
from near zero to the nth power. Mul- 
tiply the 4,096 possible combinations by 
the possible different degrees of inten- 
sity of each one of these twelve charac- 


teristics. The possible variations run 
immediatdy to infinity and beyond. It 
is outside ^e power of the human mind 
to conceive this infinite variability in the 
human component of our equipment for 
research. The psalmist speaks of play- 
ing on an instrument of ten strings. We 
are asked to make harmony on an instru- 
ment of ten thousand strings. 

Nor is this yet the entire story. A 
personality ordinarily is considered as 
virtually unvarying, the same yesterday, 
to-day and next year. But no! Tem- 
peraments may change their expressions 
from day to day, and even from hour to 
hour. Often there is no external sign of 
the existing reaction. If only humans 
would indicate states of feeling by 
chameleon colors. If only red and white 
traffic flashes warned us when to 
“stop” and “go” in making htunan 
contacts, the problem would be vastly 
simpler. 

It is with this infinite variety of 
human ideas and consequent emotions 
and reactions that each worker must 
associate. It is this assembly of infinite 
variabilities that every administrator 
must attempt to evaluate, coordinate 
and stimulate. The task, of course, is 
impossible of complete accomplishment, 
but the motto of the researcher and the 
research administrator must be: “We 
specialize in the impossible.” Ask any 
administrator of human activity which 
one of the four factors, problem, person- 
nel, plan or equipment, requires the most 
thought and causes the most worry. 
Nine out of ten will confess that it is 
the personnel, if they are both thought- 
ful and candid. Brooks,^ in his compre- 
hensive discussion of “The Scientist in 
the Federal Service,” analyzes the prob- 
lem thus : 

Every administrator of research finds his 
chief problem in the control of his scientific 

1 Brooks, Alfred H. ‘<The Scientist in the 
Federal Service.” Jovmal of the Washington 
Acaden^ of Sciences, 12: 73-115, Feb. 19, 1922. 
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personneL To oome this problem appeare most 
simple and involTes only the giving of financial 
support to the master mind and &en allowing 
it to wander whither at will* Such a course, 
however, will not lead to the solution of a co- 
operative problem. Moreover, the master mind, 
if left to its own devices, may wander entirely 
off the premises. The task of the executive is 
to harmonize the work of a group of strongly 
individualistic investigators, whose tendency is 
centrifugal rather than centripetal. Success 
will be achieved by a proper balance between 
individualistic and cooperative inquiry. There 
is the danger, on the one hand, of discouraging 
originality of thought, and on the other, of 
failing to maintain the necessary unity of 
purpose. 

The executive in the Federal scientific service 
stands between the horns of a dilemma. If his 
bureau is not so organized as to provide very 
definite control of the work of the individual 
investigator he may fail to achieve the results 
demanded by the terms of his grants. If his 
organization is such that it does not give full 
play to constructive thought by the individual 
investigator he will accomplish little to advance 
his science. He must constantly strive to have 
his administrative machinery sufficiently elastic 
to develop the best mental work possible by 
each of his scientific staff. At the same time 
he must not ignore his obligation to give re- 
sults to the public. 

It is a condition and not a theory that 
confronts us. We can not pass the buck 
if we would. Therein we are not so for- 
tunate as Sambo and Mose. You will 
recall the heated discussion some years 
ago as to whether a fund given for gen- 
eral education by the head of a great cor- 
poration was tainted money or not. 
These two darkies were discussing that 
question. Said Sambo, “Mose, does you 
all reckon dat money am tainted?’’ 
Said Mose, “Shuah. Dat money am 
tainted twice. ’Taint yours and ’taint 
mine.” The personnel problem is both 
yours and mine. To each worker, of 
whatever rank, it is a personal problem. 
To each administrator, of whatever 
rank, it is a personnel problem. Both 
are in honor bound to face it squarely. 

Individualism and Organization 

Do you wonder where this discussion 
is leading? Straight for the mooted 


question of individuality versus organi- 
zation. How far is personality or the 
right of the individual sacred as against 
the right and the need of the community 
and the organization? The question will 
be discussed only in principle here. We 
are concerned primarily with personnel 
in this discussion. When it finally is 
answered the millennium will l^ve 
come. 

Paul, the great apostle, said long ago, 
“Bear ye one another’s burdens,” and 
immediately thereafter declared “For 
every man shall bear his own burden.” 
That still is a good rule for human rela- 
tions. It means, I think, that while a 
man must look out for himself he also 
has an equal duty to the organization. 
It doesn’t seem to leave much room for 
the extreme individualist. I heard an 
eminent member of the Congress say 
recently, in a public address to farmers 
at Purdue University, that one of the 
things the farmer must be willing to 
give up, to insure the success of the new 
cooperative movements, was “his inalien- 
able right to do as he damned please.” 
This is a viewpoint by no means pecu- 
liar to farmers. It has been one of the 
long-cherished rights of the whole human 
race. 

In early society the individual or the 
immediate family was the unit, and each 
did that which was right in his own eyes 
without regard to the welfare of other 
families. In the process of social evolu- 
tion, the families became tribes and the 
tribes eventually became nations. Dur- 
ing this process individual rights dimin- 
ished and family rights increased, family 
rights diminished and tribal rights in- 
creased and, finally, tribal rights dimin- 
ished and national rights increased. 
The civilized world is now in this stage 
of social evolution. There are many who 
think and pray that it is at the threshold 
of the next stage in this evolution where 
national rights will be less selfishly em- 
phasized and international rights in- 
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creased. In other words, the unit of 
welfare has pr(^;ressed from the individ- 
ual and the family successively to the 
tribe and the nation, and now to the 
world of nations. Such an evolution has 
been taking place in our ideas of re- 
search. 

Personalities are animate ideas. Ideas 
are the beginnings of progress. It is 
almost inevitable, therefore, that the 
beginnings of movements, institutions 
and organizations will be around a per- 
sonality permeated by the idea involved. 
Striking examples of this fact have been 
brought out by others before me. Some 
one has said that every great idea was 
once a private opinion (the property of 
a mngle mind) and that only when it has 
become private opinion again (that is, 
the belief of the multitude) is it estab- 
lished. By their energy, single-minded- 
ness and persistence to the point of self- 
sacrifice these strong personalities pro- 
pound the idea and launch the institu- 
tion or movement which carries it for- 
ward. This has been as true in scientific 
research as in invention, exploration, 
education, social reform, political eman- 
cipation or religious progress. Such de- 
velopment has been not only inevitable, 
but perhaps necessary and desirable in 
the formative period. 

Historically, great new developments 
in science have been the result of indi- 
vidual research, discovery and invention, 
rather than the results of coordinated, 
organized, cooperative efforts. Because 
of the administrative dominance of 
strong personalities in the beginnings of 
research, there grew up an idea that 
research could be conducted only by in- 
dividuals of great talent, isolated from 
other workers to avoid distraction and 
left without any administrative super- 
vision or direction. The individualistic 
is the pioneer stage. Like the pioneer 
stage in other enterprises, it probably 
must be regarded as temporary, though 
there always will be and always should 


be pioneer spirits in every time and 
place. But for every far-reaching funda- 
mental conception of a brilliant genius 
there must be hundreds of less revolu- 
tionary but equally necessary researches. 
Often these are complex in their ramifi- 
cations and not well adapted to individ- 
ualistic attack. 

In studying the organization of re- 
search units or institutions two general 
classes are found. In one class the 
division or department of the institution 
is organized around a personality or per- 
sonalities. In the other class the division 
or department is organized on the ba^ 
of logical and effective projects, with a 
coordinated personnel devoted to getting 
project results. These two general 
classes of organization are found whether 
we consider teaching, research or exten- 
sion in our institutions of agriculture, or 
the varied activities of commercial agri- 
cultural organizations. Oftentimes these 
two classes are successive stages in the 
development of the same project or 
organization. Organization as such, 
whether on a personality basis or on a 
project basis, will be considered in a 
second paper. For the present we are 
concerned with personnel and personali- 
ties. 

Defects of Organization abound 
Personalities 

A strong individuality frequently is 
an accompaniment of true genius, though 
not necessarily a proof of genius. Or- 
ganization around a personality rather 
than around a project multiplies any 
defects of the dominant personality. 
We have noted that personalities having 
dominating qualities are likely to be nar- 
rowly specialized and oftentimes are 
extremely self-centered. Some of the 
defects of an organization based on such 
personalities are; (1) Inadequate view 
of the problem; (2) limited service to 
the supporting constituency, (3) injus- 
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tice to associates, and (4) perpetuation 
of the incompetent. 

(1) Inadequate Yiew of the Problem 

As a project or movement develops, it 
becomes more complex and inclusive. 
The need becomes pressing for a broad 
survey of collateral facts, with possible 
readjustment of viewpoint and emphasis. 
Great personalities usually are men of 
a single idea which often becomes almost 
an obsession. Frequently they are un- 
able to see the ramifying phases of the 
problem and its contacts with and obli- 
gations to other ideas, institutions or 
movements. This attitude makes for a 
narrow though perhaps brilliant develop- 
ment and not for a broad and compre- 
hensive progress. A struggle to main- 
tain the personal prestige may over- 
shadow the obligation either to science 
or to a supporting public. No farmer 
having 40 acres would strike a back far- 
row on each 10-acre portion, plow a few 
furrows on either side of the back fur- 
rows and claim that his land was plowed. 
But such personalities come to regard 
their narrow strip as the whole plow- 
land. In scientific institutions this nar- 
row specialization of administrative lead- 
ers results in a similar condition. One 
line is greatly over-emphasized. Others, 
coordinate or subordinate, are largely 
neglected. 

We have had the recent example of a 
state experiment station, in a large and 
wealthy state, in which the department 
of farm crops and soils was headed and 
dominated by a strong personality of 
this kind. Himself a soil chemist, he 
built up the soil section and neglected 
the plant section. He became interna- 
tionally known and honored. His ideas 
of soil fertility became the center of in- 
spiration as well as of both dogma and 
controversy. In the meantime he, and 
those associated with him, largely lost 
sight of other possible interpretations of 


soil phenomena and of the need for re- 
search on the plant as well as on the soil 
substrate. They carried this idea so far 
as to prevent the manning of their sta- 
tion for botanical and pathological in- 
vestigation of crop plants. They neg- 
lected lines of development which 
comparable institutions considered im- 
portant and imperative. Their staff 
members and graduates went out to 
other institutions imbued with these 
same narrow ideas. 

When this great personality passed on 
it left a narrow organization unable to 
cope with some of the pressing agricul- 
tural problems which were present. 
When a crop disease broke out not long 
after, within the borders of this state, it 
became necessary to call on the federal 
government for help. There was no per- 
sonnel or equipment within the state to 
deal with the problem. Reorganization 
has taken place, but fifteen or twenty 
years of valuable time have been lost 
because of a dominating personality 
with a too narrow specialization. 

(2) Limited Service to the Supporting 
Constituency 

Another tragedy of the narrow view is 
the withholding of service from the 
many who need. One of the oft-quoted 
sayings in education is that Mark 
Hopkins on one end of a log, and a stu- 
dent on the other, constitutes a univer- 
sity. So it does for the one student on 
the other end of the log, but what of the 
hundred other students! Is there to be 
no university for them! Mark Hop- 
kinses do not occur by the hundreds. So 
too in the research field there is obliga- 
tion to give the best and the fullest, even 
if it requires contact and cooperation 
with others. It may mean the giving up 
of a gratifjdng isolation. It was done 
gladly in the patriotic fervor of the war. 
It must be done at the less thrilling but 
equally challenging behests of peace-time 
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progress. A person of outstanding abil* 
ity, but without the spirit of broad ser- 
vice, and the will to organize for it, is 
less valuable in the long run than one of 
lesser ability but with a broader view. 

(3) Injustice to Associates 

Sometimes dominating personalities 
become obsessed with their own impor- 
tance. They lose the sense of compara- 
tive values of individuals. Some refuse 
to acquire associates who approach or 
equal them in rank or salary lost their 
own position suffer by comparison. 
Some will not have associates whose 
abilities and achievements seem in any 
way likely to equal or exceed their own 
and thus detraet from their eminence. 
No more shortsighted and indefensible 
viewpoint can be imagined, especially 
where public funds and constituencies 
are involved. The result is a premium 
on mediocrity, or else a stifling discour- 
agement of initiative and ability. 

A related condition is that whore a 
superior appropriates for publication, 
under his own name, all the material 
produced by his subordinates. The 
young worker is only a serf. Others do 
not go this far, but insist that their 
names shall appear as senior author of 
all such publications. Such arbitrary 
and unjust treatment quickly discour- 
ages the able and aspiring. On the other 
hand, harm may be done to young inves- 
tigators by allowing them too much 
credit for work conducted jointly. 

A corollary to the selflsh attitude or 
character is the desire for flattery rather 
than the truth. This results in the 
evaluating of associates and subordinates 
by their good words rather than by their 
good deeds, a condition most repugnant 
to the self-respecting. To be obliged to 
associate with a toady is humiliating, but 
to see one in power and favor through 
such means is quickly destructive of 
morale. 


(4) Perpetuation of the Incompetent 

Another tragedy of the individualistic 
type of organization is that it permits 
the la^, the selflsh, the incapable and 
the obstructive to remain in positions of 
authority and influence. One day I sat 
at the desk of a fairly well-known scien- 
tist when his mail was delivered. He ran 
through a sheaf of letters and dropped 
about one half of them into the waste- 
basket as he glanced them through, re- 
marking that he could not waste his time 
answering farmers’ letters. He is now 
the chief teacher of his subject in another 
institution, but his department is turn- 
ing out few able graduates. Another 
man of different outlook has charge of 
the investigations in that subject in the 
same institution and its research is wdl 
and favorably known. 

I have in mind another institution. It 
has a division with two coordinate sec- 
tions. The division chief is also leader 
of one section. In his section are five 
men with the doctorate degree. Nearly 
all are favorably, and some interna- 
tionally, known for their researches. Its 
graduates are sought for. In the other 
section, equally large, there are no men 
with doctorates. It is not the fault of 
the division chief. This section is 
headed by a man who does not believe 
strongly in advanced study or in re- 
search. This standard is reflected 
throughout his section. Its staff mem- 
bers are but little known in the research 
field. Its graduates do not rank high. 
The leader of the crop section is a unique 
personality, widely known, but in his 
section an inhibitor rather than an in- 
spirer of progress. 

How long should such conditions be 
permitted to continue f When does the 
right of the individual to hold a job give 
way to the superior right of the institu- 
tion to demand service and the constitu- 
ency to receive itt The writer is not a 
prophet, nor the son of a prophet, but 
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he believes that institutional standards 
presently will rise above such levels. 

There is another type of individualist 
not infrequent. He prefers the shadow 
to the substance. Perhaps the simile is 
not well chosen. Perhaps he prefers the 
sunlight to the shadow. At any rate, he 
is a better scientist in the smoUng-room 
and the hotel lobby than in the field. He 
is more in evidence as an officer of scien- 
tific societies than as a publisher of scien- 
tific papers. He is not necessarily lazy, 
but he prefers the limelight to the lab- 
oratory. He is too good a cooperator. 
He has ideas, time and energy at the ser- 
vice of every organization except his 
own. He is the delight of the president 
who wants committee work done, but the 
despair of the administrator who wants 
research results produced. Then, to 
crown injury with insult, brother scien- 
tists tell his chief what a wonderfully 
brilliant, energetic and capable scientist 
he is, because they see him in effective 
action everywhere except in the project 
where he primarily belongs. He is in 
marked contrast to the many able work- 
ers who contribute freely of time and 
effort to scientific societies and still main- 
tain a high output of project results. 

Finally there is the obstructionist. 
He is instantly and vigorously antago- 
nistic to any idea not his own. Obviously 
he can not achieve a very important 
position. He should lose the little he 
has. He is not taught by experience. 
He should beware or he is likely to meet 
the fate of the man who ate too much 
catsup. A small boy told me the tragic 
tale. The man was very fond of catsup. 
He ate it in huge quantities at every 
meal. Pretty soon one of his arms 
dropped off. He still ate catsup and 
pretty soon the other arm dropped off. 
Then one leg dropped off, but he still 
ate catsup. Finally, the other leg 
dropped off. Then he thought he’d bet- 
ter call a doctor. The doctor came and 
lodred him over and said You’d better 
look out. If you don’t stop eating so 


much catsup something is likely to hap- 
pen to you.” The obstructionist is by 
way of being shorn of some of his pow- 
ers for harm and if he doesn’t look out 
something real is likely to happen to 
him. 

Other Undesirable Individuautibs 

Besides those discussed, there are 
many other types which present difficult 
problems for the administrator and for 
associated workers. Those illustrated 
below are by no means all that may be 
found, but they are among the more 
common. 

The Jealous Worker 

There is the jealous, suspicious worker. 
He is haunted by the thought that some 
one may receive more recognition than 
he, or some tribute that should have 
been his. He is certain that he is being 
discriminated against. He resents in- 
spection of his data, and sidesteps dis- 
cussion of his problem. He is angered 
by any success won by another. In its 
meanest aspect, such a character looks 
up his records and resents any adminis- 
trative attempt to use his data in public 
service when he is temporarily absent. 

Whetzel* pictures the attitude of such 
a worker. “One says, ‘This is my idea. 
How shall I be protected in my posses- 
sion and exploitation of itf’ ” Mees* 
says “The cell system (of individualistic 
research) tends to exaggerate the vices 
of such men. They tend to become secre- 
tive, to refuse cooperation, to be even 
resentful if their work is inquired into, 
• • • ” As Mees points out also, it is 
difficult for any one else to take up the 
work of one of these secretive men in 
case of his death or resignation. For 
this reason, much of the investment in 
him may be lost. 

3 Whetzel, H. H. ** Democratic Coordination 
of Scientific Efforts.^' Science, N. S. 50: 51- 
65, July 18, 1919. 

sMoes, C. E. K. Planning a Besearch 
Laboratory for an Industry.'' The ScxKKTifio 
Monthly, 7 : 54-67, fig. 1, July, 1918. 
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The Narrow, Prejudiced. Worker 

There is another sort of scientist who 
has had broad training and should have 
broad visicHi but who instead is narrow 
and prejudiced on one or more points. 
It may be an unimportant matter, like 
dress styles or jazz or some rule of 
grammar or black cats, which is his pet 
antipathy. It may be a fundamentum 
of human relations or human knowledge, 
such as foreigners or Negroes or medical 
treatment or even evolution, against 
which he hurls all the weight of liis 
power of reputation and personality. 
Because the things said by one carry 
much more weight than the things left 
unsaid by hundreds, this man of extreme 
prejudices has influence out of all pro* 
portion to his numbers. He leads the 
man in the street to dub all scientists as 
cranks. 

Professor Kimball Young* tells of a 
professor of highest scholastic attain- 
ment with a graduating thesis so out- 
standing, in a subject akin to philosophy, 
as to receive prompt translation into 
French and German, and yet who was 
essentially a fundamentalist in his atti- 
tude toward biological science. The in- 
compatibility of science and prejudice is 
well brought out by Millikan.® 

Man himself is just now emerg^ing from the 
jungle. It was only a few hundred years ago 
that ho began to try to uso the experimental 
and the objective method, to try to set aside 
all his prejudices and his proconceptions, to 
suspend his judgment until he had all the facts 
before him, to spare no pains to first see all 
sides of the situation and then to let his reason 
and his intelligence, instead of his passion and 
his prejudice, control his decisions. That is 
called the scientific method. 

The Brusque, Repellent Worker 

Some persons have an almost brusque 
and forbidding way of talking and act- 

* Young, Kimball. <*Tho Need of Integra- 
tion of Attitudes among Scientists.’’ The 
S ciENTiric Monthly, 18 : 291-305, March, 1924. 

B Millikan, B. A. ‘‘Science and Society.” 
Science, N. S. 58: 293-298, Oct. 19, 1923. 


ing. At times it seems almost diseour- 
teotl&u Usually it is unintentional Al- 
ways it is antagonizing and repellent. 
How quickly we notice that sort of a 
manner at the other end of a telephone. 
The word we hear is Hello, but the 
tone and manner say ''What in thunder 
do you want when I^m busyP' If the 
person calling is a stranger, his opinion 
of the person or organization being 
called will be colored and perhaps fixed 
by these first impressions. When at the 
University of California recently, the 
writer was struck by the importance the 
university administrators placed on this 
matter of courteous contacts. In a little 
booklet® entitled "Suggestions for Uni- 
versity Employees" occur the following 
pertinent sentences : 

Those employees who meet the students, the 
alumni, or the public have the greatest oppor- 
tunity to communicate to the state at large the 
vpirit of the University. * ♦ * Be courteous 
and tactful. If the answer to a question of a 
student or other inquirer is likely to be a dis- 
appointment to him, explain the reason for the 
answer and, where possible, state briefly the 
means to be employed by him in meeting the 
situation. Remember that the University does 
not grant all requests, but that it does attempt 
to be just. * * * Few qualities of service have 
greater value than alertness. * * * Patience is 
needed with those persons who are not of the 
usual type. 

Nothing can be more helpful to an 
enterprise than a favorable impression 
made on first contact. Swindlers of all 
kinds know this well. Shall the children 
of darkness be wiser in their generation 
than the children of light! 

The Restless, Unstable Worker 

There is the worker who lacks tenacity, 
stability, persistence. He is hard to keep 
on the reservation, especially when there 
is an unusually fine display of new sci- 
entific fireworks going on elsewhere. 

B Anonymous. ‘ ‘ Suggestions for University 
Employees. ’ ’ University of California, October, 
1924. 



PERSONALITIES AND RESEARCH 


41 


Jacob (Oen. 49; 4) cursed Reuben, his 
firstborn, with the words, ‘‘Unstable as 
water, thou shalt not excell.’’ Pearson^ 
(p. 71) speaks of him frankly: 

Stability is a trait which is often given too 
little weight. Some of the ablest men are 
affected with a restlessness which impairs their 
usefulness. We need investigators who will 
devote a lifetime, if necessary, to a single prob- 
lem instead of pursuing the latest scientific fad. 

Brooks,^ too, in speaking of lack of a 
sense of moral obligation, describes the 
unstable worker. 

This lack is shown by the dilettante typo of 
investigator, who fiits from one problem to an- 
other and seems to think that he fulfills all 
obligations if he simply remains on the govern- 
ment payroll. 

The Dilatory Worker 

The dilatory worker is always with us. 
He is of three kinds, the lazy, the un- 
disciplined and the cautious. Of him 
Brooks® writes ; 

Some investigators need constant spurring to 
obtain results, . . . the procrastinator often 
receives undue credit among his colleagues from 
the very fact that he has failed to make the 
evidence of his attainments public. Indeed, he 
often hampers the advance of science by occu- 
pying a field to the exclusion of others and by 
discouraging financial support for the organiza- 
tion to which he belongs. 

The lazy type is content to float with 
the current. He may enjoy reading and 
frequently keeps well informed. He 
usually is a good mixer and may be also 
a helpful counselor on problems. But he 
is a laggard in producing research re- 
sults, especially in form for publication, 
and usually does not inspire his as- 
sistants. 

In the type dilatory because undisci- 
plined, Brooks^® would “include the in- 

^ Pearson, G. A. * * Borne Conditions for Ef- 
fective research." Soienoe, N. S. 60: 71-73, 
July 25, 1924. 

« Loo, cit,, p. 93. 

• Loo, dt,, p. 92. 

loXoo. oit,, p, 93. 


vestigator with a brilliant mind, which, 
however, is so undisciplined that it can 
not be made to formulate conclusions.'’ 
In a sense, of course, both the lazy and 
the cautious also are undisciplined. The 
type of mind to which Brooks refers is 
relatively rare. 

The cautious researcher who delays 
production of results usually is a man 
of excellent judgment in scientific mat- 
ters, due to his habit of weighing all data 
with the utmost care. However, undue 
caution is weakness. Dr. Brooks'’ por- 
trays him as follows : 

Moat often, however, tho procrastinator is the 
hardest working of men, and his unwillingness 
to put forth conclusions is due to his fear of 
omitting some detail or failing to fully test some 
theory. We must respect such a seeker of 
truth, yet a part of his fault may lie in a cer- 
tain conceit which induces him to believe that 
his results are so epoch-making that he trembles 
for the consequences to the nation if they 
should be announced prematurely. 

Over against these types set the re- 
searcher with an international reputation 
for splendid accomplishment whose 
manuscripts appear in a steady succes- 
sion and written in clear, concise and 
accurate form. Yet this man admits 
that, for him, writing is pure drudgery, 
although research under difficult, un- 
pleasant and even dangerous conditions 
is sheer joy. His sense of moral obliga- 
tion to do always his best impels him to 
make his presentation as finished as his 
investigation. 

The Over-hasty Worker 

Worse than the dilatory scientists are 
the ones with no speed limit. Their 
premature, half-baked papers are every- 
where before us, requiring our time and 
effort out of aU proportion to their value. 
Administrative superioi's who allow them 
to foist their unproved or half-proved 
theories on the public in the name of 
science are to blame for much of this 

Loo, dt., p. 93. 
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abomination. Editors who accept papers 
of doubtful accuracy of conclusion bear 
also a measure of responsibility. 
Brooks^* expresses the sentiments of 
many when he says : 

Another problem in personnel is presented by 
the scientist who is as quick as a hair trigger in 
publication. He boldly rushes into publicity 
where the more experienced investigator fears 
to tread and^ though he may be endowed with 
a certain superficial brilliancy, he is too im- 
patient to carry his researches through to the 
end of establishing conclusions. His contribu- 
tions may be likened to skyrockets — ^they illu- 
minate the scientific landscape for a moment, 
only to fall to earth and leave us in darkness. 
8uch men are sometimes the pests of scientific 
literature, . . . 

These publicity artists are indeed the 
pests of science. Brooks referred to 
them as receiving swift and sure punish- 
ment, but that is not always obvious to 
the onlooker. 

Possible Seusction of Personnel 

Does the reader ask, “"Why talk so 
much about these objectionable person- 
alities and so little about the many splen- 
did workers t ” It is for the same reason 
that the daily press devotes so much 
space to murderers, bootleggers, bandits 
and bigamists, and so little to respectable 
and law-abiding citizens like you and me. 
This is not because criminals are more 
numerous, for relatively there are but 
few. It is not merely because we have a 
human curiosity to know the other fel- 
low’s meaimess. It is because these are 
the problems of society, just as objection- 
able personalities are the problems of re- 
search administration. We all must talk 
about our problems. 

Was it Mark Twain who said concern- 
ing the weather, “Everybody talks about 
it but nobody does anything about it.” 
Is there anything that can be done about 
the matter of suitable personnel for re- 
search f There are three possibilities. 

Loc. oU., p. 94. 


Researchers are trained workers. Seleo- 
tion may be practiced on them before 
they begin training, or during the period 
of training, or after the preliminary 
training is completed. They may be 
sorted from the research standpoint 
while yet in high school, or during the 
college course, or after graduation and 
before entering upon investigation. Can 
the possibility of genius and adaptability 
in research be determined with any cer- 
tainty in any one of these three periods t 
If so, the effort would seem not only to 
be justified but to be a definite obliga- 
tion upon us. Our duty is to get the 
best personnel we can and to make the 
best use of what we get. 

Selection in High School 

We hear much nowadays in educa- 
tional and industrial circles about selec- 
tion of students and employees. Such 
phrases as character analysis, psycho- 
analysis, stimulating latent abilities, 
finding one’s place in life, fitting the job 
to the man and similar ones are ever 
before our eyes. Where there is so much 
smoke there surely should be some fire. 
Professor C. E. Seashore,** head of the 
department of psychology in the State 
University of Iowa, recently has pub- 
lished a paper on this subject under the 
title “Recognition of the individual.” 
His discussion of the need and plan for 
progress in this line is worthy of our 
thought. 

The groat tragedy of all higher education to- 
day is the maladjustment, failure and misdirec- 
tion of the student entering college on the tow- 
ering and surging wave of ‘‘education for 
democracy. ^ ^ From 5 to 50 per cent, of fresh- 
men fail and are eliminated in the first year. 
These students are sent back to home and com- 
munity disgraced and disheartened, and consti- 
tute not only an economic waste, but a gross 
maladjustment of human energies, hopes and 
ambitions. 

Seashore, C. E. “Recognition of the Indi- 
vidual. “ Science, N. S. 60; 321-325, Oct. 10, 
1924. 
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For thi« there is a ample remedy, and that 
is to develop a nationally standardized college 
qualifying examination which shall be given at 
the end of the senior year in all high schools 
and preparatory schools as a basis of informal 
tion with reference to fitness for college work. 
On the basis of this examination parent, pupil 
and teacher may make a rational estimate about 
the wisdom of going to college; and this exami- 
xiation, which is given merely for information, 
will be accompanied by expert analysis and 
advice in general principles of vocational guid- 
ance with reference to the outlook for persona 
of the various degrees of fitness for higher 
education. 

Such an examination is being developed under 
a five-year experiment now in progress. Two 
thousand high school students are examined 
annually. Prediction of probable success is 
made and this is correlated with the actual 
achievement of those who go to college, wher- 
ever they go. Thus we shall have a quantita- 
tive measure of the degree of precision of our 
power of prediction. The preliminary findings 
are exceedingly gratifying in this respect 

Professor Ogden^^ in a paper on ‘‘The 
Purpose of Research*’ asks certain ques- 
tions relating to the abilities of students. 
His third question is pertinent to a dis- 
cussion of prospective students : 

What tests can be applied to candidates for 
admission to the college of agriculture to deter- 
mine their fitness for directing dairy work, or 
for agronomy, or for any other kind of agri- 
cultural work! 

Curiously enough. Professor Seashore 
six years later (l.c.) provides an answer 
to the question in the following words ; 

Now at this stage we can not distinguish 
between the engineering and other professional 
or liberal arts students. It is enough to know 
that that student who is fitted to go to college 
is encouraged to do so, ... . 

Selection in College 

The important period for determining 
the fitness of a man for research is while 
he is in the making, as a student in col- 
lege. Here he is under the almost daily 
observation of several teachers and his 

14 Ogden, H. N. ^ * The Purpose of Research. '' 
Science, N. 8. 48 : 525-532, Nov. 29, 19.18. 


characteristics as well as his various 
abilities may become known. In these 
four years a cross-section view of his fu- 
ture possibilities should be had. The 
record should go much farther than his 
mental progress and promise. It should 
contain data on the characteristics, de- 
sirable and undesirable, which have been 
discussed in this paper. 

Ogden^'’ asks the following questions re- 
garding the working conditions favoring 
productive mental effort on the part of 
college students : 

What is the necessary rest period during the 
course of any working dayf Bo students ac- 
complish the same amount of work in the same 
number of days of a term, with and without 
vacations? . . . How shall a student know when 
he has reached the limits of his powers of ap- 
plication in the preparation of any lesson, so 
that a change of occupation is desirable? 

Seashore^® suggests placement exami- 
nations on entering college in order that 
“we shall start our student rightly at his 
natural level for achievement.” In the 
third paragraph previously quoted he 
states that the indications given by the 
high school examinations are checked up 
during the college course. The experi- 
ments he describes are only a beginning, 
but they give promise that some day we 
shall know much more about the char- 
acter and ability of college students in 
science than is at present possible. 

Selection after Oraduaiion 

Where does the personnel of experi- 
ment, investigation and research come 
from and how does the organization ac- 
quire itt Trained personnel must come 
from the institutions of higher education. 
The lines of research in the U. S. De- 
partment of Agriculture and in the state 
agricultural experiment stations are 
chiefiy agricultural. The personnel for 
this work, therefore, comes chiefly from 
the college of agriculture. In this de- 

oiU, p. 528. 

14 Loo. cii,, p. 322. 
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partment and in the similar institutions 
of some states, the scientific staff is ob< 
tained through the medium of civil ser- 
vice examinations and appointments. 
These are designed to test the ability to 
answer technical questions, covering a 
rather varied but still narrow range of 
specialization. This procedure is sup- 
posed to establish the fact that the pros- 
pective worker has knowledge of a sub- 
ject. Appended to these examination 
papers are ceilificates of two associates, 
stating that the worker is believed to be 
of good character and fitted for the work. 
These merely insure that we do not ac- 
quire persons of bad moral character or 
with prison records, at least not without 
knowing of it beforehand. 

But what about the possession or lack 
of the personal attributes named above? 
So far as known not one single attempt 
is made anywhere to discover whether 
and to what degree the prospective re- 
searcher has all or any of these character- 
istics. He may be lacking in mental 
honesty and accuracy. He may rank low 
in imagination and initiative. Such 
qualities as energy, persistence and judg- 
ment may be wanting. He may be 
selfish, suspicious and stubborn instead 
of loyal and cooperative. How shall 
the.se facts be known before a worker is 
engaged? 

It would be a very simple matter to 
make a start. Require each applicant 
for admission to a civil service examina- 
tion to submit the names and addresses 
of three or five persons qualified to give 
reliable information on questions of per- 
sonality. To each such person send a 
rating sheet on which the degree of pos- 
session of certain desirable and unde- 
sirable characteristics may be clearly in- 
dicated. Transmit these estimates of 
character to the prospective employer 
with the ratings on scientific ability. It 
is a fair guess that in the end there 
would be definite endeavor to control 


and eliminate such characteristics as 
tended to prevent appointments. 

It is interesting to note that for sev- 
eral years the experiment station sub- 
section of the section on agriculture in 
the Association of Land Grant Colleges 
has considered personnel matters at its 
meetings. During the past two years, a 
subcommittee of their cmnmittee on ex- 
periment station organization and policy, 
under the chairmanship of Director B. 
W. Thatcher, has considered a code of 
ethics for station workers. At the meet- 
ing of the association in November, 1924, 
the revised code submitted by Dr. 
Thatcher^^ and his associates was finally 
adopted. Among other things it covers 
questions of honesty, stability, accuracy, 
promptness in publication and coopera- 
tiveness. 

Concluding Questions 

In conclusion, let us ask oursdves 
frankly if any obligation rests upon us 
as individuals or as an organization to 
better the conditions described. The 
writer believes that all the following 
questions should be answered in the 
afiirmative. 

(1) Is there an obligation upon the 
service to devise means by which the 
characteristics of prospective appointees 
may be more definitely estimated before 
appointment? 

(2) Is there an obligation upon the 
service as a whole, and upon the indi- 
vidual administrator in it, to weed out 
the markedly unfit of whatever kind in 
order to improve the service and to ren- 
der a more satisfactory account of his 
trust? 

(3) Is there an obligation on adminis- 
trators of all ranks to endeavor to point 
out to the individual employee those 

IT Thatcher, R. W., et ol. “Report of Oom- 
mittee on Experiment Station Organization and 
Policy.” Proc. Am. Conv. Assn. Land Grant 
Colleges, 38: 2S5-228 (1924), 1925. 
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characteristics to which they appear to 
be strcmg and also those in which they 
appear to be weak, and by counsel and 
suggestion endeavor to make each indi- 
vidual a better public servant t 

(4) Is there an obligation on the part 
of the individual worker to strive to get 
a wider view than his own particular job, 
to try to get the viewpoint of the imme- 
diate unit to which he belongs, of the 
larger unit of which it is a part, of the 
entire department in which he serves and 
of the entire federal service as a trust to 
be administered of the people, by the 
people and for the people? 

(5) Is there an obligation on the in- 
dividual worker to search for their own 


weak spots and to endeavor to strengthen 
them? A rating system has been put 
into effect by the U. S. Personnel Classi- 
fication Board in an attempt to deter- 
mine the relative abilities and values of 
the workers in the federal service. 
Would it not be a helpful thing if all 
workers were to fill out such a rating 
sheet for themselves, trying honestly to 
determine the characteristics in which 
they were strong and those in which they 
were weak? Would not the result be a 
conscious effort at self-improvement? 

So nigh is grandeur to our dust, 

So near is Ood to man, 

When Duty whispers low, “Thou must,” 
The Youth replies, “I can.” — Emerton. 



SUCCESS 


By Professor A. S> PEARSE 

tnnVBRSITY OF WISOONSIW 


What every man most desires is to be 
successful, "^^at puzzles most of hu- 
manity is how to do it. 

If one asks a business man for the 
secret of success, he says, *^Boy, make 
money — and save itl’^ If the socially 
successful one is ‘‘among those present’’ 
at the most “stylish” functions and can 
associate with “aristocrats,” she has 
“arrived.” The scholar works years in 
order to publish a few pages that he 
hopes may be commended, perhaps a 
century later, by some fellow of like kid- 
ney. The rector asserts that if one is 
good and trusts in God, nothing else 
matters. The politician strives to “man- 
age the masses.” Which of these is 
seeking real success? 

The New York Ame^riam cleverly re- 
marks, “Success is getting what you 
want; happiness is wanting what you 
get.” Professor Witmer, who is a psy- 
chologist and should know better, says 
that success is the attainment of “what 
the individual himself deems worth 
while.” 

Such primitive attitudes of mind of 
course amuse biologists. We have long 
known what success is, and we regret 
that a youth who is trying to attain some 
degree of mental stability can read, as 
the opinion of a competent scientist like 
Professor Witmer, that success is only 
that which makes an individual satisfied 
with himself. All biology cries out that 
success is more than that! One with a 
scientific attitude of mind and who is 
continually trying to think clearer can 
not be satisfied with any epigrammatic, 
or even with an inadequately pragmatic, 
definition of success. Beal success is a 
continual reward and a continual obli- 
gation. 


Without competition there can be no 
success. Victory depends on winning a 
race or a fight or some other contest for 
a leading position. So far as it applies 
to the lives of men and other animals, 
success is usually the product of inten- 
tion and effort, not the result of luck or 
chance. In the language of Charles 
Darwin, it is excelling in a struggle. A 
current dictionary says it is “the suc- 
cessful issue of a thing attempted.” 

In order to make the biological aspects 
of success clear, the reader is invited to 
consider briefly the characteristics of a 
successful plant and a successful animal 
— the dandelion and the housefly. Prom 
a biological point of view the survival of 
a particular species of animal in the 
struggle for existence may be considered 
as evidence of a certain level of success- - 
if an animal is alive, it is to some degree 
successful. If a species also occurs in 
great numbers and is able easily to make 
a living over a considerable portion of 
the earth, it is to be looked upon as hav- 
ing attained a higher leveL Any one 
who has practiced swatting flies or tried 
to keep a neat lawn knows that the fly 
and the dandelion have won many vic- 
tories over the human race. In fact, 
from man’s point of view, they are 
ubiquitous, disagreeable pests that ought 
to be eradicated but have not been just 
yet. They have beaten man — old Homo 
sapiens himself. 

What is the secret of the success of 
these organisms? Our enemy. Sir Ply, 
is keen of sense, agile, versatile. Having 
his skeleton on the outside and his mus- 
cles within, he has done what human 
mechanical engineers say is the best 
thing for him — i.e., gradually through 
the ages become small and quick. Now 
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he is able to occupy a considerable part 
of the little nooks on the earth. He 
escapes with ease from the attacks of 
slugipsh, bulky animals that have 
bunches of soft muscle on their exteriors 
and bones within. Among animals of 
his own kind Sir Fly represents the best 
that has been produced. Mechanically 
his equipment for struggling shows the 
highest degree of perfection. He has the 
latest models of wings, eyes, feeding 
organs, legs, etc. To be sure. Sir Fly’s 
shield has a bar sinister across it and his 
escutcheon bears a blot or two. Some of 
his ancestors were awkward worms with 
legs through the whole length of their 
abdomens. They had no smooth and 
rotund surface like that his highness 
polishes so proudly to-day. Sir Fly’s 
great-grandfather was glad to gnaw food 
off in great chunks and bolt it down, in- 
stead of delicately rubbing it into polite 
bites with a beautiful rasp-ended tongue. 
But while biologists like to rake up 
these scandals about Sir Fly’s family, 
we have to admit that he stands to-day 
the peer of any insect, and ever our 
astute and capable enemy. 

But this is not all — Sir Fly has kept 
his versatility. Equipped with all the 
best types of arthropodan structures, he 
is not confined to one narrow mode of 
life. The poor honeybee has put all his 
eggs in one basket. If he can not find 
sugar to eat, he is lost. But our enemy, 
Sir Fly, can eat sugar or meat or fat or 
any mixture of such foods, and flourish. 
A bee’s egg that is separated from its 
brood comb and its attentive swarm of 
nurses produces a little grub that soon 
perishes. A fly maggot can live on a 
wide variety of foods and withstand 
great variations in moisture, tempera- 
ture and other conditions of environ- 
ment. It is apparent that there must 
always be more flies than bees in the 
world. We men may not like to do so, 
but have to admit that Sir Fly is a suc- 
cess. He flights, survives; yes, he dic- 
tates : Build screens on your houses, boil 
your water, cover your foodl 


Our enemy Baron Dandelion is equally 
perfected and versatile. In his physical 
makeup are tubes for carrying milky 
secretions ; polygonal, spiny pollen 
grains that do not easily roll off when 
they lodge on a stigma; aeroplanes for 
transporting ripened seeds — many of the 
latest developments in plant structures. 
If we order the baron off our estate, he 
digs deep to a water supply, spreads out 
flat to keep our allies away from his com- 
missary, and makes a stubborn fight. 
On the other hand, if he appears in our 
flower garden, he does not spread out at 
all, but grows up tall and thin. Baron 
Dandelion is not an unprogressive, stub- 
born bigot, either, but a keen, resource- 
ful enemy. One instance of his progres- 
sive spirit, and we will let him pass. 
Through long years and ages dandelions 
have been developing beautifully colored 
flowers — composite flowers of the most 
specialized type — ^but recently these 
flowers (though still retained and ac- 
corded a certain position on account of 
an edict from King Heredity) have lost 
their function. Their bright colors are 
now of no avail. Like so much archaic 
machinery in a progressive factory, they 
have fallen into disuse because dande- 
lions learned to fertilize themselves, and 
therefore the mechanisms associated with 
cross-fertilization are no longer neces- 
sary. 

All this introduction leads up to 
Theorem I in the Biological Book of 
Success : 

Theorem I. Successful and progres- 
sive plants and animals survive in the 
struggle for existence hy being special- 
ized, yet versatile. 

There are many who have false stand- 
ards for success or are satisfied by 
pseudo-success. For those who say, 
‘‘Why struggle when it is not necessary 1 
Why not invent something, or write a 
book and live on the royalties t” I can 
only answer that there is no greater bio- 
logical sin than to cease to struggle. It 
is not wrong to have a billion dollars or 
a presidency or a title or a good name. 
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The unpardonable sin is in sasdng, ^^I 
have done enough, ' ' or * ' I have enough, ' ' 
or ‘‘I have earned a rest/* Biological 
evidence for this point of view is to be 
found in the past history and present 
lives of many animals. Coming from 
swimming ancestors with eyes and other 
organs that gave some degree of appre- 
ciation of the world, the barnacle to-day 
lives attached to rocks along the sea- 
shore, safely encapsuled in a stony wall, 
kicking its legs in the water to capture 
food. Certainly the barnacle has a sure 
supply of food and an easy life. Again, 
the tapeworm leads a quiet, protected 
life in the midst of digested food. In- 
deed, it lacks organs of digestion com- 
pletely and has no sense organs for find- 
ing food, or for recognizing other par- 
ticular qualities in its surroundings. 
Tapeworms appear to have descended 
from ancestors that lived a free life, see- 
ing, seeking, fighting for their place in 
the world. Why not be a parasite! 
There is some prejudice against it, but 
why not? 

Theorem II, The degree of ability and 
appreciation that any living plant or 
animal possesses is more or less directly 
proportional to the amount of struggling 
that the organism has done. Lack of 
struggling is always associated with de- 
generacy, with loss of power and of 
accomplishment and appreciation. 

Then there are those who would con- 
done another damnable biological sin — 
deceit. A man says: ‘‘I have got to 
make a living. What harm if I deceive 
the world to do it ; especially if I actu- 
ally injure no one!** Deception has 
long standing as a means of existing 
among animals. Spiders spin delicate 
webs that are overlooked by careless or 
stupid insects. Decorator crabs cover 
their backs with objects that they select 
from the sea bottom and thus escape 
detection. A walking stick is camou- 
flaged in form and color to resemble a 
twig and puts all its faith in this resem- 
blance. If one of these insects is dis- 
turbed, it may hold the same position for 


several hours (if it moves, it no longer 
resembles a stick) and will allow its body 
to be cut in two without giving any sign 
of life. If such means secure a living, 
why not use them! From a biological 
point of view they may be said to be 
expedient, but dangerous, because ani- 
mals employing them are led to depend 
more and morcv on special means, and if 
deception is discovered, the game is up. 
Prolonged rains may prevent the build- 
ing and repair of webs, and spiders 
starve. If a decorator crab falls on a 
clean sandy bottom and attempts to move 
about, it is discovered and snapped up 
by some hungry fish; if a wind carries 
a walking stick away from twigs and 
stems, it is easily seen. If an actress 
that depends on a $10,000 gown to win 
her audience loses her trunk, she loses 
her audience too. If a shyster lawyer 
or a quack doctor is found out, the law 
removes his accustomed means of liveli- 
hood. 

Theorem III. Avoiding the struggle 
for existence by deception is dangerous 
because plants or animals that use such 
methods tend to become dependent on 
special means and if these are discovered, 
organisms will be greatly handicapped or 
eliminated from the struggle. 

Another means of struggling is 
through the cooperation of many indi- 
viduals. Men, ants, termites and other 
animals have attained considerable suc- 
cess with this method. It undoubtedly 
has the advantages of the strength that 
comes with united effort and the high 
degree of attainment that is possible 
through the work of cooperating special- 
ists. In ant colonies structurally differ- 
ent castes are present, which are special- 
ized as workers, soldiers, doorkeepers, 
etc. In general the cooperation that is 
an essential feature of social life is bene- 
ficial to the colony, but it always entails 
a lack of opportunity for the foil devel- 
opment of the individual Communupoi 
tends to reduce all to the same level of 
mediocrity and makes the development 
of outstanding individuals more difficult 
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Another great defect that is always 
associated with social life is parasitism. 
No two individuals are ever of equal 
ability and some members of any com- 
munity are abler and do more work than 
others. Some individuals are so incom- 
petent that they contribute nothing and 
are supported by the community. Pur- 
thermore, real social parasites intention- 
ally insinuate themselves into communi- 
ties, where they make no attempt to do 
anything but make a living for them- 
selves. Some two thousand species of 
social parasites have been recorded as 
occurring in ants* nests. In human 
swieties there are always parasitic indi- 
viduals or castes which shout for co- 
operation and gain a living from others, 
but contribute nothing themselves. 

Theorem IV. Cooperation is one of 
the best means of attaining success if it 
does not involve too great sacrifice of in- 
dividuality or waste effort on social 
parasites. 

The animals that lived in past ages 
give some insight into the meaning of 
success. At one time marine inverte- 
brates dominated the earth. Then the 
old ostracoderms and fishes came in and 
were the most astute and capable ani- 
mals for a time. Later amphibians 
appeared and were able to invade parts 
of the earth that fishes had never reached 
because they acquired the ability to 
breathe air and hence could go on land. 
Then came the Golden Age for reptiles, 
and hundred-foot monsters roamed over 
the continents. These gigantic animals 
ran their course and were succeeded by 
the smaller, but swifter and wiser, birds 
and mammals. Probably the dominant 
animals in each age patted each other on 
the back and said, ‘^How good we are! 
There has never been anything like us 
hetoreV^ Most of them are wholly ex- 
tinct and the earth will never feel their 
influence again. If you ask a paleon- 
tologist what the usual cause for the 
dying out of a race of animals was, he 
will probably answer, ‘‘Too much spe- 


cialization.” The dinosaurs, for exam- 
ple, attained gigantic size, but were 
unprogressive in other lines of develop- 
ment. The earth environment changes 
markedly from time to time — ^there have 
been glacial epochs, humid periods, arid 
periods, etc. If an animal is highly 
adapted to peculiar conditions and these 
change, the animal becomes extinct. 
Every one knows that in human society 
too much specialization is unwise. A 
city blacksmith who has done nothing 
but make horseshoes all his life may find 
it diflicult to make a living in his old age 
because he is ignorant of the ways of 
repairing automobiles. 

Theorem V. Specialization is desira- 
ble but must not he so narrow that an 
animal can not take advantage of new 
types of opportunities and change activi- 
ties with changing conditions. 

Enough of argument! Now, what is 
success t The evidence from biology 
acclaims to the world: “Struggle and 
improve. It is sinful to be narrow, lazy 
(or even contented?), deceitful or 
blindly cooperative. It is virtuous to 
be industrious, ambitious, honest and 
considerate. * * Probably the most impor- 
tant tool for success is eternal trying. 
Men succeed in all fields of human en- 
deavor and often do not realize how 
they have reached their goal. President 
Eliot, who was trained as a chemist, 
ascribed his success to hard work; the 
great general, Napoleon, to foresight; 
the business man, Bradley, to necessity; 
the evangelist, Moody, to cooperation. 
Holmes showed his wonderful insight 
when he said ; 

I find the great thing in this world is not 
80 much where we stand as in what direction 
we are moving. To reach the port of Heaven 
we must sail, sometimes with the wind and 
sometimes against it, but we must sail, and not 
drift nor lie at anchor. 

Law. Success is continiuil improve- 
ment, It is also the most important 
milestone on the road to happiness. 
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By AUSTIN H. CLARK 

BMITHSOtnAM IMBTITimOM 


We have heard much, in recent years, 
of what the public owes to science. The 
telephone, the automobile, the aeroplane, 
the radio, the X-ray and many other 
things, commonplaces at the present day, 
are commonly brought forward as con- 
crete examples of groups of correlated 
achievements in pure science now find- 
ing practical application for the good of 
all. 

Nobody has denied, or could deny, the 
appreciation of the public for these 
benefits. It is evident in popular books, 
in the magamnes and in the daily press 
in ever-increasing volume. The evidence 
consists of a flowering of interest in sci- 
ence in this country, which is without 
precedent in this or any other land. 

These startling achievements, all prod- 
ucts of pure research, have forcibly im- 
pressed upon the public the concrete sig- 
nificance of science to itself. 

Science has become democratized, and 
by so doing has chiefly been responsible 
for that fundamental change that has 
taken place within the last few years in 
our social system obvious to any one with 
any powers of perception aptly called by 
Professor Carver a social revolution. 

This social revolution has resulted in a 
wonderful improvement in the condition 
of our so-called humbler classes over 
what it was even two decades ago. The 
incomes of the small tradesmen and the 
laborers, now actually large and made 
relatively larger still as a result of 
greatly increased efficiency in the pro- 
duction and distribution of the products 
of our farms and industries, due to the 
broad and general and increasing, 
though commonly unnoticed, application 
of scientific facts, now permit them to 


enjoy very many of those luxuries which 
even fifteen years ago were considered as 
possible only for the rich. The automo- 
bile, the “movies” and the radio, the 
telephone and a host of other things now 
are regarded as essential to the well- 
being of a very large percentage of our 
population. 

These luxuries of the very recent past, 
now become essentials, all have one thing 
in common. Their use of necessity re- 
sults in a broadening of contacts. 

Broadening of daily contacts goes 
hand in hand with broadening of inter- 
ests and of vision. We are beginning to 
discover that what we hitherto have 
called superior intelligence is very often 
nothing more than the mental attitude 
produced by more numerous and more 
intimate contacts with the varied activi- 
ties that take place beyond the normal 
orbit of one’s daily life. 

Now that they share with their more 
affluent fellow eountr3Tnen most of the 
material luxuries of life, those occupied 
with the humbler lines of work are shar- 
ing also more and more in their mental 
attitude toward science. They appre- 
ciate its benefits, and they wish to learn 
all they can about it. And this desire 
for enlightenment is coupled with in- 
creased insistence that what they learn 
be accurate. 

Here is the great responsibility of sci- 
ence in this country at the present time, 
to take the public into its confidence and 
to inform it of what is going on, to form 
a partnership between the scientific 
workers and the great mass of the people 
which shall result in mutual benefits. 

Why is this necessary! Because in 
any country progress in science is and 
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always has been dependent on the active 
appreciation of an interested public. 
The theory that it is the bobby of the 
rich and leisure classes and that it can 
be advanced effectively by the restricted 
patronage of a Louis XIV is quite un< 
tenable. Isolated steps may be taken in 
such a way, but a great sound body of 
science can no more be built up without 
the interest and backing, indeed even 
the participation, of a large section of 
the public than the cathedral of Chartres 
could have been built by the nobles of 
Beauce alone. 

No one can deny that England, with 
her Newtons, her Faradays, her Dar- 
wins, her Lubbocks, leaders in every 
branch of science, holds first place in the 
discovery of basic scientific principles. 
It is equally undeniable that interest in 
science among the population as a whole 
is, or at least until recently has been, 
greater in England than in any other 
country. In England there exist very 
many scientific societies with a member- 
ship made up largely of working men 
and tradesmen. The relationship be- 
tween these two sets of facts is beyond 
question. 

What were, and are, the conditions in 
America t Fifty years ago this section 
of the public was relatively small; the 
majority of the people took little interest 
in an3rthing further than getting enough 
to eat and the most elemental comforts. 
Their outlook on the world at best was 
purely local, and generally they paid no 
heed beyond an idle curiosity to affairs 
outside their daily round of life in their 
own town or state. 

The modem developments in trans- 
portation and communication, especially 
the organization of these services into 
units nation wide and even interna- 
tional, has changed all this. The great 
majority of our population is now awak- 
ened and alert ; no longer apathetic, our 
people wish to know what science is and 
what it means to them. 


In the old days science in America 
was for the most part the recreation of 
the rich or well-to-do, and these were the 
only classes interested. Conditions are 
quite different now. Whyt Because 
the more or less isolated scientific facts 
developed and established as a pastime 
by the leisure classes in the past have 
now been correlated, formulated into 
broad principles, further elaborated and 
applied for the good of all. Science 
itself has brought about this change by 
attracting the interest and gaining the 
confidence of an cver-increasing clientele. 

But by doing this science has brought 
upon itself a grave responsibility, that 
of satisfying the interest it has itself 
created. Why is this tract Because of 
the dependence of science on intelligent 
popular appreciation. This dependence 
is at once apparent in all those institu- 
tions that are supported by federal or 
state appropriations. It is at once ap- 
parent also in the great industrial con- 
cerns that sell their products to the pub- 
lic. It is less apparent in institutions 
supported by endowments. But if such 
institutions are popularly believed to 
serve the public interests their endow- 
ments will increase proportionately; if 
not, they gradually will decrease in in- 
fluence and possibly will be cut off alto- 
gether. Though not so obviously or so 
immediately responsive to the popular 
will, endowed institutions are neverthe- 
less ultimately dependent on it, and that 
dependence is becoming more and more 
pronounced. 

Here we seem to have an impossible 
situation, institutions engaged in spe- 
cialized research work dependent for 
support upon a public with no knowl- 
edge of the intricacies of the subjects 
studied. How can they ever get together, 
as they must if what has just been said 
is true? 

How was it that isolated scientific 
facts were assembled, coordinated and 
applied for the public benefit f This 
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came about not through the work of the 
scientific men themselves, but through 
that of intermediaries, jobbers if you 
will, men more of business than of sci- 
ence, who visualized the possibilities in 
the mass of facts available and made use 
of them. 

In the same way the results attained 
by the research worker must be coordi- 
nated, sifted and interpreted to be in- 
telligible to the average man. 

It is a common fallacy that progress 
in science has resulted from the labors of 
devoted individuals working long hours 
by themselves, mostly without adequate 
reward. This is not so. It is quite true 
that the great bulk of scientific detail 
has been gathered by men of whom the 
public seldom hears, men wholly devoted 
to their work and deserving of the high- 
est praise for their disinterested labors. 
But the busy world has little time to 
ponder and appraise their efforts in de- 
tail. 

Progress in science has resulted from 
popular appreciation of its interest and 
value. This has been brought about 
through the work of intermediaries able 
to explain it to the populace at large. 
Just as science has been applied for the 
common good by men who were rather 
business men than men of scientific bent, 
so science has mostly been explained by 
publicists rather than by research 
workers. • 

The great men in science have been 
those like Lamarck, Agassiz, Darwin, 
Huxley, Tyndall, Rayleigh, Lubbock and 
many others, who were both scientific 
men and publicists combined, outstand- 
ing research men who wrote and talked 
in terms the average ihtelligent man 
could understand, secured his interest, 
and thus made the work of all the others 
possible. It made little difference 
whether these men were right or wrong 
in their ideas. They secured the public 
interest; this once aroused, infinite dis- 
cussion was made possible and all the 


facts brought out Millions of dollars 
have been si>ent by publishers of books, 
magazines and newspapers in printing 
material bearing on Darwin’s woik. 
Thousands of scientific men, under the 
stimulus and protection of the interest 
thus aroused have brought innumerable 
facts to bear upon the subject. 

So much for the intermediaries of the 
past What of those to-day f At the 
present time we have a vastly extended 
and more alert interested public, anxious 
to be informed and also anxious to know 
how they are affected by developments 
in science. We have an ever-increasing 
number of devoted men engaged in 
highly specialized work of whom the gen- 
eral public never hears, but whose work 
is of the most fundamental and vital 
character, and forms by far the largest 
and most important part of our scientific 
output. We have no lack of able men, 
like Millikan, Merriam, Michelson, 
Howard, Osborn, Shapley and many 
others who, leaders in their several lines 
of science, have not lost contact with 
their fellow men and can therefore speak 
to them in simple language that they can 
understand, carrying ever forward the 
work of their illustrious predecessors. 
And we also have a growing corps of 
writers, capable, honest and sincere, 
whose one aim and desire is to further 
science by describing and explaining in 
the magazines and newspapers the new 
discoveries now almost daily made. 

Many of our scientific men are apt to 
look a bit askance at these representa- 
tives of the press. They doubt their 
honesty of purpose and their ability to 
report correctly what they hear. For 
the most part the fault lies with the 
scientific men themselves, who are un- 
able to explain their work in such a way 
that it can be understood by others who 
approach the subject from a wholly dif- 
ferent angle. It is a common human fail- 
ing to explain one’s weakness to oneself 
by assuming that the fault is with the 
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other fellow. Most of ns fail to see in a 
misquotation in the press a reflection on 
our own clarity of expression, though 
that is very often what it is. 

Let us compare the research worker 
with the publicist. We who are im- 
mersed in research know that before we 
can produce results of value in their 
broader application a probationary pe- 
riod of from ten to fifteen years is nec- 
essary, even after an intensive college 
education. Always to every man the 
other fellow’s work seems easier than his 
own, since he sees only the outstanding 
features and is ignorant of the maze of 
detail on which these are based. 

The successful scientific man too often 
looks upon the publicist as a sort of 
lucky being who by the easy process of 
writing for a few hours every day can 
command a handsome income. 

The successful writer knows too well 
that years of patient unrewarded effort 


full of discouragements of every kind, a 
grueling apprenticeship more severe 
than that of the average scientific man, 
working usually under the protection of 
some powerful institution, must pass be- 
fore he finds his place. 

He on his part, remembering these 
years of bitter strife, is prone to regard 
the laboratory worker as leading a life 
of ease and comfort, if not, indeed, of 
semi-idleness, protected by his institu- 
tion from the jealousies and envies of 
his fellow men. 

What science owes the public is a 
greater extension and expansion of all 
lines of contact with the people as a 
whole. Let us show more confidence in 
our fellow men. Let us be frank and 
open with them. If we who are engaged 
in science let the people know what it is 
we do and what it means to them every 
one will profit. 



THE VITALITY OF THE PEOPLES OF SOUTH- 
ERN INDIA, ITS CONSERVATION 
AND PROMOTION^ 

By Major A. J. H. RUSSELL. M.A.. M.D., D.P.H.. I.M.S. 
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The Peoples op Southern India 
T o the untrained eye of the ordinary untrav- 
^ed European on first arriving in Southern 
India, all Indians are black, all have the same 
cast of countenance, and all except the '^de- 
cently naked ’ ’ labouring classes wear loose gar- 
ments which revive dim memories of the attire 
of the ancient Greeks and Romans. The first 
step in the observant man’s education is to 
learn to tell a Hindu from a Mohammedan, and 
a further stage is reached when it dawns upon 
him that the upper classes of Hindus are much 
fairer than the lower, and that their features 
are moulded on finer lines. Later on, as oppor- 
tunity favours him, he learns to distinguish 
what may be called the provincial types of the 
people of India. 

The skin color of the different tyi)e8 
presents extreme divergencies, that of 
the Dravidians of Southern India being 
bright black, and aptly compared to the 
color of strong coffee unmixcd with milk. 
“Of the Irulas of the Nilgiri jungles 
some South Indian humorist is reported 
to have said that charcoal leaves a white 
mark upon them. ’ ' Amongst the higher 
castes, of course, the skin is frequently 
quite fair. The hair of the great mass 
of the population of South India is 
black or dark brown, but carroty hair is 
not unknown among the Syrian Chris- 
tians o*f Malabar and South Travancore 
on the west coast of the peninsula. 

The nasal index, i.e., the relation of 
the breadth of the nose to its length, 
gives a very accurate gradation of racial 
type. For those parts of India, like 

1 Papers from the Department of Biometry 
and Vital Statistics, School of Hygiene and 
Public Health, Johns Hopkins University, No. 
112 . 


Madras Presidency, where there is an 
appreciable strain of Dravidian blood, it 
“is scarcely a paradox to lay down as a 
law of the caste organization, that the 
social status of the members of a par- 
ticular group varies in inverse ratio to 
the mean relative width of their noses. 
The broad nose of the Negro and of the 
typical Dravidian is his most striking 
feature, and, in fact, the typical Dravid- 
ian as represented by the Pahars of 
South India has a nose as broad in pro- 
portion to its length as the Negro.” 
Some writers, indeed, describe the Dra- 
vidian under the name of Negroid, but 
the two are in no way related. 

In Southern India the stature is gen- 
erally lower than in the plains of the 
north, the minimum being found in the 
Negritos of the Andaman Islands, and 
the mean as low as four feet ten and one 
half inches. 

Of the seven physical types mentioned 
by Risley, the Dravidian is to be found 
in that part of India stretching from 
Ceylon as far north as the United Prov- 
inces and Central India. When Madras, 
however, is called the Dravidian home, 
that does not mean that all the people 
of Madras are of the predominant type. 

From time immemorial a stream of movement 
has been setting from north to south, a tendency 
impelling the higher types towards the terri- 
tories of the lower. During the course of the 
movoment, Indo-Aryan types have spread all 
over India as conquerors, traders, landowners; 
and in Madras, which is furthest removed 
from the Indo-Aryan settlements in North-West 
India, members of the upper castes are still 
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readily distin^ehed by their features and 
complexion from the mass of the population. 

The Dravidian race is the most primi* 
tive of the Indian peoples, occupying as 
it does the oldest geological formation in 
India. Huxley considered that the 
Dravidians might be related to the 
aborigines of Australia, but Sir Wm. 
Turner’s later studies have cast doubt 
on their Australian affinities. *'The 
present peoples of Southern India are 
therefore a mixture of the ancient 
Dravidians with the invading Indo- 
Aryans, the type being precisely what 
might have been expected to result from 
the incursion of a fair long-headed race 
traveling by a route which prevented 
women from accompanying them into a 
land inhabited by dark-skinned Dravid- 
ians. The degree of intermixture 
varied,” but writers of the Indo- Aryan 
school maintain the predominance of the 
Dravidian element in the present popu- 
lation. 

The Hindus of Southern India, num- 
bering in all about 37 millions, may be 
divided into four great classes or castes, 
viz,, the brahman, the shastriya, the 
vaisiya and the sudra, the lowest of all. 
In order to give some idea of the com- 
plexity of the social system involved in 
the word caste, an illustration used by 
Sir Herbert Risley some years ago may 
be adopted. 

Take the great English tribe of Smith,” 
the * < noun of multitude, ” as it has been called, 
and imagine it transferred into a caste organ* 
ized on the Indian model. The caste would 
trace its origin back to a mythical eponymous 
ancestor, who took his name from the smooth 
weapons he made for his fellow tribesmen, and, 
bound together by this tie of common descent, 
they would recognize as the cardinal doctrine 
of this community that a Smith must always 
marry a Smith and could by no possibility 
marry a Brown, a Jones or a Robinson. Over 
and above this general canon, three other modes 
or principles of grouping within the caste 
would be conspicuous. First, the entire caste 
of Smith would be split up into a multitude of 
” in-marrying” clans, based on all sorts of 
trivial distinctions. 


Brewing Smiths and baking Smiths, 
hunting Smiths and shooting Smiths, 
temperance Smiths and licensed saloon 
Smiths, Smiths with double-barrelled 
names and hyphens and Smiths with 
double-barrelled names without hyphens, 
democratic Smiths, republican Smiths, 
tinker Smiths, tailor Smiths, Smiths of 
Maine and Smiths of Maryland, ”all 
these and all other imaginable varieties 
would be crystallized by an inexorable 
law forbidding the members of any of 
these groups to marry outside its own 
circle.” The ”dry” Mr. Smith could 
only marry a ”dry” Miss Smith and 
might not think of a ”wet” damsel, the 
free trade Smiths would have nothing to 
say to the protectionists. 

Secondly, within each class we would find a 
number of ^ * out-marrying * * groups governed by 
the rule that a man of one group could in no 
circumstances ‘marry a girl of the same group, 
i,e,, the converse of the first. In theory each 
group would be regarded as a circle of blood 
kindred, and marriages within the limits de- 
fined by the group name would be deemed in- 
cestuous. In these circumstances the group 
name descends in the male line and would of 
itself present no obstacle to a man marrying 
his grandmother. Thirdly, each marrying class 
is broken up into throe to four smaller groups 
which form a sort of ascending scale of social 
distinction. Thus the class of hyphen-Smiths, 
the cream of the caste, would be again divided 
into, say, Episcopalian, Presbyterian and Sal- 
vationist hyphen-Smiths. The rule would be 
that a man of the Episcopalian group might 
marry a girl of his own or the other two groups, 
a man of the Presbyterian group might marry 
into his own and the Salvationist group, and 
a man of the Salvationist group might marry 
only into his own group. A woman could under 
no circumstances marry down into a group 
below her own. Other things being equal, two 
thirds of the Episcopalian girls would get no 
husbands, and two thirds of the Salvationist 
men no wives. If we suppose the various aggre- 
gates of persons bearing the two to three thou- 
sand commonest English surnames to be formed 
into separate castes and organized as above, the 
mental picture thus formed will give a fairly 
adequate idea of the bewildering complexity of 
the Indian caste system. 

Even Christianity has not altogether 
escaped the subtle contagion of caste, 
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and everywhere in India there is a ten- 
dency for converts from Hinduism to 
group themselves according to the castes 
to which they originally belonged. That 
is more true of the Roman Catholics, as 
the Catholic Church tolerates this idea 
of caste, while the Protestant Church 
condemns it. There seems to be no like- 
lihood of caste being banished from In- 
dian soil '‘until Brahmanism itself — the 
fons et origo mali — ^has died a natural 
death by the use of the scientific spirit, 
and tho fallacy of its pretensions has 
become an object of general scorn. As 
soon as the Brahman begins to disappear, 
the rest will foUow. 

The following table, giving the num- 
bers of caste sub-divisions among six of 
the chief castes for the four main lan- 
guages of Southern India, will demon- 
strate the complexity of the system: 


among the pariah Hindus, and whole 
castes have been known to become Mo- 
hammedan because the Brahman would 
not allow them to enter the Hindu tem- 
ples, but compelled them to worship out- 
side. Even to this day there are certain 
streets along which none but Brahmans 
may pass. 

Christianity has had considerable suc- 
cess in Southern India, especially among 
the depressed classes, there being over a 
million Christians now in Madras Presi- 
dency. “To the pariah it promises re- 
lease from a relentless form of social 
tyranny, the tyraimy of caste, and it 
offers them independence, self-respect, 
education, advancement and a place in 
an organized and progressive society.'^ 
As a matter of fact, the pariah, whose 
mere vicinity pollutes, has traditions 
which point to the probability that his 



Tamil 

Telegu 

Malayalam 

Canarese 

Brahmans - 

43 

80 

20 

80 

Vellalars, or agriculturists 

175 

404 

55 

169 

Chettiars, or merchants - 

59 

29 

13 

17 

Kshatriyas, or warriors 

13 

17 

5 

14 

Shepherds - — 

48 

85 

17 

42 

Accountants, or statisticians 

11 

23 

2 

2 


Table I 


The Mohammedans, who number 
nearly three millions in Southern India, 
are in every respect the antithesis of the 
Hindus. 

The Mohammedan religious ideal is strenuous 
action rather than hypnotic contemplation; it 
allots to man a single life and bids him live it 
and make the best of it. Its practical spirit 
knows nothing of a series of lives, of transmi- 
gration, of karma, of the weariness of existence 
which weighs upon the Hindu mind. Tho 
Mohammedan religion is opposed equally to the 
Hindu scheme of a hierarchy of caste, for in 
the sight of God and His prophet, all followers 
of Islam are equal. 

The contagion of caste, however, has 
spread even to the Mohammedans, and, 
in Southern India, one meets with a 
large number of low-class Mohammedans 
evidently the result of proselytism 


status was not always so degraded as we 
find it at the present day. 

Language 

The people of Southern India have, 
therefore, no community of origin. 
Moreover, there is little community of 
language. The great mass of the popu- 
lation speaks either Tamil or Telegu, the 
former being found mainly in the south- 
ern districts, and the latter in the north- 
ern area. In addition, a very consider- 
able proportion use the Canarese 
language, whilst to the southwest a lan- 
guage called Malayalam is spoken. All 
these tongues are more or less inter- 
related, being probably derived origi- 
nally from the same mother tongue, but 
to-day a Tamil does not understand 
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Telega, nor does the Malayalee automati- 
cally find it possible to communicate by 
word of mouth with a Canarese. The 
one common language in South India is 
English, and the writer is personally 
acquainted with an Indian married 
couple whose only means of linguistic 
communication is English. Most Mo- 
hammedans use the Urdu language just 
as they do in Northern India. As a gen- 
eral rule, it is necessary to be acquainted 
with at least two languages in order to 
be able to carry out peripatetic work 
such as must be done in the field of pub- 
lic health. As both the Tamil and Telegu 
tongues have a rich store of ancient lit- 
erature, both having absorbed a great 
deal from the Sanskrit, it is as unlikely, 
as it would be regrettable, to expect that 
South Indians will ever adopt any one 
common language. 

Diet 

As regards food, the Madras Hindu is 
a strict vegetarian, rice being his staple 
form of diet. This is supplemented with 
varying quantities of green vegetables, 
milk and ghee, which is a form of clari- 
fied butter. The orthodox Hindu would 
be horrified at the idea of eating any 
other form of fat than ghee, but the In- 


dian merchant is familiar enough with 
methods of food adulteration, and con- 
siderable quantities of so-called pure 
' ‘ ghee ’ ’ contain high proportions of mut- 
ton and beef fat, whilst pig’s fat is also 
not entirely excluded. The vegetable 
part of the diet being not always avail- 
able for different reasons, and the better 
class Indian expressing a preference for 
highly polished rice, it is not surprising 
that beri-beri is fairly common, the more 
so as all milk is boil^ before being con- 
sumed. Osteomalacia is not uncommon. 

Vital Statistics 

The population according to the cen- 
sus of 1921 was 41,002,696, of which 
Hindus comprised 36,687,777, Moham- 
medans 2,831,361, native Christians 
1,312,060, and other classes 171,498. 
The percentages of each to the whole are 
Hindus 89.48 per cent., Mohammedans 
6.95 per cent., native Christians 3.2 per 
cent, and other classes 0.04 per cent. 
Censuses have been taken every ten years 
since 1871, and with the figures for these 
a population growth curve has been pre- 
pared. (Fig. 1.) While it is not possi- 
ble to fit this curve very accurately with 
such a small number of observations, 
yet it probably is reasonable to assume 
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that the carve shows South India to 
have very nearly reached an asymptotic 
population under present conditions. As 
a matter of fact, it has been necessary 
during the last few years to import con- 
siderable quantities of grain stuffs to 
meet the needs of the population, and it 
would appear that in spite of the devas- 
tating famine years of 1877-78 and the 
more terrible influenza epidemic of 
1918-19 the population is still too large 
for the land available with the present 
futile methods of cultivation. The soci- 
ologist might therefore speculate as to 
the justiflcation for expenditure on pub- 
lic health and prevention of disease, 
when children and adults saved in one 
year are apt to be hurled into Nirvana 
the next by some factor like an epidemic 
demanded by the inexorable and irre- 
sistible pressure of the equation y = 

It is worth while drawing at- 

1 + ce" 

tention in this connection to the de- 
creases of population registered at the 
censuses following the two calamities 
already mentioned. 

Births 

The registered birth-rate during 1922 
was 30.0 per 1,000, but it is fairly cer- 
tain that the actual rate is as high as 
42.5 per 1,000. Registration in munici- 
pal towns is carried out by paid regis- 
trars, but, in the rural areas, which com- 
prise a total population of nearly 36 
millions as compared with the five mil- 
lions of townspeople, registration is done 
by the village officer. This official post, 
although not a very lucrative one, car- 
ries with it a certain status, and still 
commands respect, although it can not 
be obtained by ability to pass examina- 
tions but descends from father to son as 
a hereditary function. As, however, the 
village officer is primarily a revenue 
official, it may be imagined that the reg- 
istration of vital statistics has to take a 
back seat in the theater of his activities. 


In Madras City, where registration ia 
more or less accurately performed, the 
birth-rate for 1922 was 41.2. The high- 
est rates are usually met with in Mo- 
hammedan communities. During 1922, 
out of a total of 215 towns, 13 registered 
a birth-rate of 40 to 50 per 1,000, and 
six returned the amamngly high rate of 
over 50 per 1,000. 

Deaths 

The registered death-rate for 1922 was 
only 21 per 1,000, but the actual rate 
was probably in the vicinity of 33 to 36 
per 1,000, although the margin of error 
is not so great as in the case of the birth- 
rate. The Mohammedan community 
again returns the highest rate, as they 
are, generally speaking, a backward 
people and entirely governed by tradi- 
tion. In Madras City the death-rate in 
1922 was 43.1 per 1,000, whilst in an- 
other town, owing to a severe outbreak 
of plague, the rate was as high as 70 per 
1,000. Infantile mortality is very high 
all over the Presidency, although exami- 
nation of the registered rates since 1901 
shows that there has been a distinct 
downward tendency during the last 22 
years. This fact is of some importance, 
as a few enthusiasts of the newly fledged 
child welfare schemes have claimed the 
reduction in infant mortality to be en- 
tirely due to their efforts. Whilst ad- 
mitting the value of such welfare work, 
it seems equally desirable to avoid undue 
optimism as to the results yet obtained. 
In several of the largest towns the infant 
death-rates in 1922 ran between 311.6 
and 352.8 per 1,000 births, as compared 
with the English rate of 80 per 1,000. 
Nearly 50 per cent, of these infant deaths 
took place during the first month of life, 
a sad commentary on the condition of 
the mothers and the degree of skill pos- 
sessed by the Indian midwife. Generally 
speaking, the death-rates increase as one 
goes down the social scale, and although, 
for example, the infant mortality rate 
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UBong Hindus in Msdns City taken as 
a whole is about 300 per 1,000 births, 
yet the death-rate among Braiunan 
babies is little over 100 per 1,000 births 
and is nearly as low as that of the Euro- 
pean community. As regards maternal 
deaths, in the towns 13.7 mothers die per 
1,000 birdis, and the rate for the whole 
Presidency is probably much higher. 
Indian women, during parturition, are 
cursed with the attentions of attendants 
known as “barber” midwives, whose 
ignorance of antiseptics and their use is 
as colossal as their courage in tackling 
emergencies with the aid of collections of 
the most fearsome and medieval wea- 
pons ; and every medical man in India is 
only too well acquainted with the victims 
of their prowess, brought as they are to 


hospital in the last stages of septic 
poisoning. The prejudices of even the 
better educated Indians are almost im- 
possible to overcome, and an example can 
be given of an educated lawyer, the 
chairman of a municipality, who had 
been persuaded to engage a trained mid- 
wife for his town, but who declined to 
employ her skilled services in preference 
to the barber-woman when his own 
daughter was about to present him with 
his first grandchild. 

Vital Index 

For the whole population the vital 
index (= 100 births/deaths) in 1922 was 
143.3, that for the Hindus being 142.4, 
for the Mohammedans 151.9 and for 
Indian Christians 150.8. Comparing the 
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urban population with the rural, the 
vital index for the former during 1922 
was 122.6, and for the latter 147.6. For 
Madras City the corresponding figure 
was only 95.6, in spite of the constant 
immigration of young adults into the 
town; and for some of the other large 
towns the index was also under 100. 
City life in the Orient is therefore even 
more fatal to the population than it is 
in Occidental countries. 

A graph showing the specific death- 
rate curves for males and females dur- 
ing 1922 has been prepared in a very 
approximate fashion, but it shows the 
salient points fairly clearly. (Pig. 2.) 
The most striking feature is the extra- 
ordinary hump in the female curve at 
the age-period 15 to 20 years, and con- 
tinuing to lesser degree into the period 
20 to 30 years. This peculiarity is 
almost wholly due to maternal deaths, 
for it is by no moans uncommon for girls 
to be mothers by the age of 13 to 15 
years. Calculate on the total female 
population in the age-periods from 15 to 
40 years, the excess death-rate represents 
approximately 20,000 deaths. To put it 
in another way, the ratio of deaths in 
females to every 100 male deaths in the 
population at different ages is as follows : 

StolO lOtolS 15to20 20to30 

Madras 100 100 117 116 

Punjab 113 138 133 125 

The figures for the Punjab indicate 
that the Madras rates are by no means 
the highest to be met with in India. 

For the whole population, the approxi- 
mate mean duration of life is 27,6 years, 
as compared with over 45 years in Eng- 
land and Wales in the period 1901-1910. 

Chief Diseases 

The registrars have instructions to 
register all deaths under one of the heads 
referred to in the table, with the ex- 
ception of “injuries,'^ which are classi- 
fied into (1) suicides, (2) wounds and 
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Deaths in Deaths in 



1922 

1921 

Cholera 

16,502 

27,064 

Smallpox 

22,801 

9,792 

Plague 

9,193 

11,875 

Fevers 

319,688 

316,019 

Respiratory diseases 

48,166 

45,180 

Dysentery and diarrhoea... 

51,805 

53,621 

Other causes 

391,081 

363,346 

Total 

859,236 

826,897 

Table 

n 



accidents, (3) snakebites and death by 
wild beasts, and (4) rabies; and “child- 
birth deaths. “ It is hardly necessary 
to explain that further differentiation 
would simply defeat the end in view. 
Even as it is, many of the village 
oflBcers make up their registers only 
once a month, when a return is re- 
quired, and they allow their imagina- 
tions to run riot, or to lie absolutely 
dormant, when they come to fill in the 
column of “causes of death. “ In one 
district where malaria was the common- 
est disease, more than 95 per cent, of the 
deaths were being registered as 
“ fevers. Investigation of 399 deaths 
in the area showed that only 117 of these 
were really due to one or other form of 
fever; 75 were due to pneumonia, con- 
sumption and other respiratory diseases 
— all having fever as a symptom; 50 
were due to dysentery and diarrhoea — 
which may be accompaniments of ma- 
laria; 21 were maternal deaths — ^which 
certainly all had fever; 4 were due to 
smallpox, a disease which every attempt 
is made to conceal; 4 were deaths from 
accidents such as drowning; 14 were 
cases of beri-beri and dropsy, and 3 were 
the result of rheumatism. A village 
officer, on being asked for an explanation 
of this carelessness, naively replied that 
it was “mumooZ/' or custom, to register 
deaths as due to fever, and any one ac- 
quainted with India will appreciate the 
force of “mamoor’ on the mind of the 
average Indian. 
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Cboijsra 

This disease is endemic in India and 
is one of the greatest scourges of the 
country. Recent research has shown that 
the disease not only shows a yearly peri- 
odicity, but that in Madras Presidency, 
at least, there is a definite six-yearly 
periodic wave. As the usual water sup- 
ply for the Indian village community is 
a shallow well, it is not easy to prevent 
the spread of cholera infection; but 
chlorination of the wells has given prom- 
ising results. The villager, however, 
often resents the introduction of such 
things as chlorine or potassium perman- 
ganate into his water supply, and the 
sanitary inspector who attempts to do so 
occasionally finds himself in trouble. 

Smallpox 

This is another disease which is always 
to be met with. During 1922, 7,690 
deaths from smallpox occurred among 
infants under one year of age, 8,476 be- 
tween the ages of one and ten years, and 
6,635 above 10 years. Smallpox is there- 
fore still a disease of young children in 
Madras. The chief reason for this is that 
the benign British Government has re- 
frained, unlike the more ruthless but 
more efficient administration in Ger- 
many, from enforcing compulsory vacci- 
nation on an unwilling but ignorant 
people. Madras, however, possesses a 
Vaccine Institute which Lssues over two 
million doses of lymph annually. The 
vaccine is sent out by post, but as it very 
often takes 5 to 7 days to reach its desti- 
nation and as the temperature is fre- 
quently above 100® P. in the shade, it is 
difficult to ensure the potency of the 
lymph by the time it comes to be used. 
For the same reason, the manufacture of 
lymph is entirely suspended during the 
hot weather months, and no vaccination 
operations are performed during the 
four hottest months. When this plan 
was introduced, there was a very consid- 
erable reduction in the number of vac- 


cination operations performed, but a 
corresponding rise in the success rate 
resulted, which for all practical purposes 
gave the same number of protected per- 
sons, whilst also reducing enormously 
the labor and cost involved in carrying 
out thousands of unsuccessful operations. 
In the more remote districts the cost per 
vaccination operation may be as much 
as 50 cents. 

Plaque 

Bubonic plague has been endemic in 
India since 1896, but in Madras Presi- 
dency it has been confined to only seven 
or eight of the 26 districts which go to 
make up the province. Occasionally a 
sporadic outburst of the more fatal pneu- 
monic type of the disease occurs, but 
these have fortunately never spread be- 
yond a few families at any one time, and 
there has been no experience of this type 
of plague corresponding to the epidem- 
ics in Korea and North China. The two 
chief preventive measures adopted are 
inoculation and evacuation of infected 
houses. It can be realized that it is by 
no moans easy to evacuate a town of any 
size, although the fear of plague is now 
engrained into the Indian and he does 
not usually raise as much objection as he 
does to inoculation, owing to the general 
belief that the latter causes sterility. 
The plague regulations, issued under the 
epidemic diseases act, give wide powers 
to the authorities, who can insist that 
any one objecting to leave his house shall 
submit himself and his family to inocu- 
lation with anti-plague vaccine. In one 
badly infected district in 1922 over 95 
per cent, of the total population in the 
affected area were inoculated, but this 
was an exceptionally successful effort. 
In one family a man and his wife and 
children were all inoculated, with the 
exception of the eldest son, and no pow- 
ers of persuasion were of any avail in 
getting permission to protect the boy. 
Two weeks later infected rats were found 
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in the houae, and the only member of the 
family who became infected was the nn- 
inoculated boy, who eventually died of 
the disease. A curious fact worth men- 
tioning in this connection is that the 
Plague Research Commission has found 
that the best rats for experimental pur- 
poses are the rats of Madras City, as 
these animals are the most susceptible of 
any Indian rat obtainable. Yet, plague 
has never managed to retain a foothold 
in Madras, although sporadic cases have 
been introduced on many occasions. It 
is certain that we do not yet know all 
about the epidemiology of plague in 
India. 

Fevers 

Malaria is the predominant fever and 
almost entirely masks such diseases as 
typhoid fever and tuberculosis. Typhoid 
fever seems to be increasing, the figures 
for the Madras General Hospital being 
79 cases in 1910, 706 in 1920 and 564 in 
1922, although this may be partly ex- 
plained by bettor diagnosis. As regards 
tuberculosis it was commonly said not to 
exist in India about twenty years ago, 
but it is now widespread and a recent 
estimate puts the figure for Madras City 
as high as 40,000 cases. A violent epi- 
demic of relapsing fever broke out in 
Southern India in 1920, and has spread 
all over the Presidency within the last 
three years. The disease was entirely 
confined to the lower classes, and even 
where caste Brahmans lived in a street 
surrounded by non-caste people, the 
houses of the two being only a few feet 
apart, the communistic segregation prac- 
ticed by the Brahman acted as a perfect 
safeguard against infection which was 
carried by the louse, ubiquitous among 
the pariahs. Relapsing fever had not 
been known in South India for over 100 
years, and it is tolerably certain that the 
infection was brought in by troops and 
followers returning from Mesopotomia 
and East Africa. Other fevers, such as 
dengue, 3-day and 7-day fevers, are all 
very common. 


Dysentery and Diarrhoea 

Dysentery takes a large toU yearly in 
Southern India, the disease being mostly 
bacillary in type. The death-rate in 
Madras City for 1922 from this cause 
was 8.0 per 1,000, and in urban areas it 
varies between 3.0 and 6.5 per 1,000. 
For statistical purposes, diarrhoea 
deaths are classed along with those from 
dysentery, as many of the diarrhoeas are 
known to be dysenteric in origin. With 
the decrease which has occurred in chol- 
era during the last six years there has 
been a corresponding decrease in the 
number of deaths registered under the 
term ‘‘dysentery and diarrhoea.” It is 
probable that this is due not only to the 
greater prevalence of diarrhoeal com- 
plaints during a cholera epidemic but 
also to the concealment of cholera cases 
in order to avoid the worry caused by 
the visits of officials of the Public Health 
Department. 

Rabies 

Babies is commonly spread by rabid 
jackals and hyenas. During 1922, 220 
deaths from this cause were registered, 
but doubtless this is an under-estimate. 
The Pasteur Institute now dispatches the 
vaccine to all headquarter hospitals on 
indent, but this method of treatment is 
open to objection as it is difficult to keep 
trace of the individual if he chooses not 
to return before his course of injections 
is completed. 

Ankylostomiasis 

Hookworm infection ranges about 100 
per cent, in a number of the wet districts 
of the Presidency, but Dr. Kendrick, of 
the Rockefeller Foundation, who spent 
three years in South India, found that 
in no district was the infection rate un- 
der 30 per cent. A survey of the stu- 
dents in the Madras Medical College 
showed that even, in this class of the 
population the infection rate was from 
65 to 84 per cent. In so far as the 
Rockefeller Foundation plays the part 
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of a health propaganda agency it has a 
very important work in hand ; but most 
people will agree that a dozen Rockefel- 
ler Foundations could not eradicate the 
hookworm from the tropics, until the 
people themselves give evidence of a real 
interest in health matters, and of that 
there is so far little sign. 

Dbficienct Diseases 
Some of the deficiency diseases have 
already been mentioned, but it is worthy 
of mention that beri-beri is almost 
strictly confined to a group of districts 
in the northeast of the Presidency. In 
the center of this epidemic area, nearly 
8 per cent, of the total deaths during 
1922 were said to be due to this cause, 
but this figure no doubt included all 
cases presenting dropsy as a symptom. 

Leprosy 

It is estimated that there are over 
20,000 lepers in South India, and only 
a small percentage of those are cared for 
in leper asylums. The Government of 
Madras has recently founded a large 
leper colony, which is to be managed by 
European missionaries. 

Eala-Azar 

This puzzling disease finds an endemic 
home in parts of Madras City and in 
some of the eastern coast districts. It 
has never been the serious problem that 
it has proved to be in Assam. 

Public Health Organization 
The portfolio of medicine and public 
health is held by an Indian minister un- 
der the Reforms Act of 1919, in which 
year a number of subjects were trans- 
ferred to Indian administration. A pub- 
lic health board acts as an advisory body 
to the minister, and all largo schemes, 
such as water supplies, drainage and sew- 
age works, come before this body for 
final approval. The public health de- 


partment proper consists of a director 
of public health and six assistant direc- 
tors, while for each of the 26 districts a 
fully trained health officer is in charge 
of health activities. Seventy-five per 
cent, of the salaries of these health of- 
ficers is paid by the Madras Government, 
the balance being met from district board 
funds. In addition, 12 to 14 of the 
larger towns have full-time health of- 
ficers of their own. The government also 
maintains a body of 162 trained sanitary 
inspectors, 8 to 12 working in each dis- 
trict under the jurisdiction of the district 
health officer, and a number of trained 
sanitary inspectors are employed in 
every municipality. Vaccinators trained 
in the Institute of Preventive Medicine 
are maintained by municipal councils 
and district boards, while registrars of 
births and deaths are attached to all 
municipal health staffs. The total mu- 
nicipal expenditure on public health 
during 1922 amounted to 23.5 lakhs, or 
about $800,000. The corresponding ex- 
penditure of local boards was 10 lakhs or 
about $340,000, whilst government ex- 
penditure on public health amounted to 
30 lakhs or about $1,000,000. The total 
cost works out at nearly 1.3 annas, or 
about 2 cents, per head of the popula- 
tion. Before making any invidious com- 
parison of this figure with those of other 
countries, it must be remembered that 
India is a poor country, the total budget 
of the Government of India being only 
something like five million pounds ster- 
ling, or less than $25,000,000. 

For the furtherance of public health 
in the Presidency, a Madras Health 
Council has recently been inaugurated. 
Its chief function is the distribution of 
health propaganda literature and illus- 
trated health lectures, and from its first 
annual report, which has just been pub- 
lished, it is obvious that the council has 
met an urgent need. The Madras Mater- 
nity and Child Welfare Association bas 
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18 centers in Madras City, and also 15 
to 20 others in different towns in the 
Presidency. The Ankylostomiasis Bu- 
reau, staffed by the Rockefeller Founda- 
tion, acts as an additional agency for the 
spreading of knowledge of hygiene and 
public health. It is to be remembered 
that every leaflet, every poster and 
every lantern slide and lecture must be 
prepared in four to six different vernacu- 
lar languages if they are to be fully 
effective, and this adds enormously to 
the cost of a propaganda campaign. 

Finally, as regards legislative mea- 
sures dealing with public health, either 
partly or wholly, these constitute quite 
a formidable list. The ^‘Madras City 
Municipal Act” applies only to that city, 
the corresponding measure for other 
towns being the ” District Municipalities 
Act,” while for rural areas the ” Local 
Boards Act” includes a number of sec- 
tions on public health. Additional mea- 
sures are the ” Village Panchayat Act,” 
the ”Town Planning Act,” the “Indian 
Factories Act,” the “Registration of 
Births and Deaths Act,” the “Town 
NuLsances Act,” the “Epidemic Dis- 
eases Act,” the “Foods and Drugs Act” 
(for prevention of adulteration), and 
the “Indian Porta Amendment Act,” 
which deals with port sanitation and 
marine quarantine. Most of these acts 
are local acts passed by the Madras Leg- 
islative Council, but the “Epidemic Dis- 
eases Act” and the “Indian Ports Act” 


are Imperial, and apply equally to the 
whole of India. 

Under the municipal and local boards 
acts a volume of model by-laws has re- 
cently been prepared and issued by the 
government for the guidance of bodies 
concerned in local self-government. The 
health officers employed in Madras are 
trained in the medical college and must 
possess the degree of “Bachelor of Sani- 
tary Science” of Madras University be- 
fore they are confirmed in their appoint- 
ments. This degree is based on the regu- 
lations in force for the “Diploma in 
Public Health” of British universities. 
All sanitary inspectors are also trained 
in the medical college, where they un- 
dergo one year’s course in various sub- 
jects preparatory to taking a government 
examination for the “Sanitary Inspec- 
tors ’ Certificate. ’ ’ Every five years eacli 
sanitary inspector is required to take a 
refresher course and pass a further 
examination. 

Certain individuals, ignorant of local 
conditions, are apt to be hypercritical of 
British administration in India, because 
of the apparently slow advance made in 
such fields as that of public health, but 
it must bo fairly obvious to the unbiased 
mind that a sound organization is in 
existence, in Southern India at least, and 
it remains to be seen whether further 
progress will be made now that the helm 
of the Ship of State is passing into the 
hands of Indians themselves. 



THE PRESENT STATUS OF THE THEORY OF 

RELATIVITY’ 
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In the realm of science, as well as in 
that of sport and adventure, there is to 
be found the excitement that arises from 
the unexpected. The present status of 
the theory of relativity is a case in point. 
In its unexpected advent and its rapid 
rise to first magnitude it suggested a new 
star; but it has been no longer ago than 
the Toronto meeting of the British Asso- 
ciation in 1924 that the opinion was ex- 
pressed by a leading authority that rela- 
tivity had reached its maximum, had 
“struck twelve” and become barren. 
Many of us can remember a similar feel- 
ing of pessimism regarding physics in 
general which possessed the minds of 
scientific men for several years just prior 
to the discovery of the X-rays. It was 
widely held that the great discoveries in 
physics had all been made, at any rate, 
all that were possible, and that future 
progress would concern itself with sec- 
ond order effects and “one more decimal 
place.” 

There was much, indeed, to warrant 
the opinion that the theory of relativity 
had achieved the status of a classic and 
was henceforth to be comfortably shelved 
alongside the Principia; yet while these 
opinions were being expressed, experi- 
ments were under way which, when an- 
nounced in the spring of 1925, injected 
new life into the theory of relativity and 
created a situation of which the end is 
not in sight. We refer, of course, to the 
repetition by D. C. Miller of the historic 
Michelson-Morley experiment on the top 

1 Published by permission of the director of 
the National Bureau of Standards of the U. S. 
Department of Oonunerce. 


of Mt. Wilson and his announcement of 
a definitely positive result. 

It has perhaps been rather generally 
supposed that the theory of relativity 
arose from a negligibly small result ob- 
tained when this experiment was origi- 
nally performed by Michelson and Mor- 
ley in the attempt to find evidence of 
the supposed motion of the earth relative 
to the ether. This is only part of the 
truth. There were other experiments, 
all to the same purpose and all yielding 
negative results. It was the cumulative 
testimony of all these which led Einstein 
to formulate his theory of relativity. 

Such an experiment was that per- 
formed by Trouton and Noble,* first sug- 
gested by Fitzgerald.® It appears from 
theoretical considerations that a con- 
denser, suspended by a fine filament with 
its plates inclined to the direction of the 
ether-drift should, upon being charged, 
experience a torque. Trouton and Noble 
tried this experiment, obtaining a nega- 
tive result. 

Another experiment of this kind 
aimed at the detection of double refrac- 
tion produced in a transparent body on 
account of ether-drift through it. It is 
a natural conclusion that if the ether be 
streaming through a block of glass in a 
certain direction the speed of light in 
this direction will be different from that 
at right angles to it. The block of glass 
for this reason should become doubly 
refracting. Experiments of this nature 

» PhU. Trans. A, Vol. 202, p. 166, 1003. 

* Scientific writings of G. F. Fitzgerald, 
p. 657. 
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were performed by Rayleigh* and by 
Brace‘s with negative results. 

These experiments are so simple in 
theory and parallel so closely the well- 
known work of Fizeau on the speed of 
light in moving water (which, however, 
gave a positive result) that they are 
worthy of careful study. If there is any 
such thing as ether-drift in a transpar- 
ent body it would appear impossible to 
have an optically isotropic body at all, 
unless its natural double refraction hap- 
pened to be equal and opposite to that 
produced by ether-drift; and this could 
be discovered by observations made in 
different orientations of the whole ap- 
paratus with respect to the earth’s mo- 
tion in space. 

These various lines of experiment 
were known to Einstein, and his special 
theory of relativity was a generalization 
resulting from a view of the entire field 
of evidence. For some reason, however, 
it appears that the Michelson-Morley ex- 
periment has, in the minds of many, 
gradually come to be credited with the 
sole responsibility for the origin of the 
theory of relativity, and the recent an- 
nouncement by Professor Miller has, 
perhaps, created a rather general im- 
pression that ‘‘relativity is dead.” 

But before we can come to such a con- 
clusion it will be necessary to see what 
results will be furnished by the other 
foundation experiments of relativity, 
the Trouton-Noble and the Rayleigh- 
Brace experiments when performed at a 
considerable altitude. Attention was 
called to this necessity in a note* pub- 
lished shortly after Miller’s first public 
announcement. 

It is with special interest, therefore, 
that we learn that Professor Tomaschek, 
of Heidelberg, has repeated the Trouton- 
Noble experiment on the Jungfrau, at an 
altitude twice that of Mt. Wilson, with 
a negative result.'^ 

4phU, Mag., Deeomber, 1902, p. 678. 

> PhU. Mag., AprU, 1904, p. 817. 

• Ether Drift,” Soienee, Maj 16, 

1925. 

f Annalen der Phjeik, No. 24, 1925, p. 748. 


Tomaschek has done more than merely 
to repeat the experiment as Trouton and 
Noble carried it out. He has executed a 
variation upon it by searching for the 
production of the magnetic field which 
should be produced in the neighborhood 
of a charged condenser moving with a 
velocity relative to the surrounding 
ether. This variation has one great ad- 
vantage : the effect it deals with is of the 
first order, while that of the original 
Trouton-Noble experiment (and also the 
Michelson-Morley experiment) is of the 
second order, 

Tomaschek ’s experiment appears to 
have been most carefully executed, yet 
attention may be directed to one point. 
It has been shown by Kennard* that the 
theory of the Trouton-Noble experiment, 
as originally carried out with a mica 
condenser, is still somewhat uncertain. 
Kennard advised future experimenters 
to use an air condenser, the theory of 
which is satisfactory. Now it appears 
that in Tomaschek ’s repetition of the 
Trouton-Noble experiment a mica con- 
denser was used. 

Fortunately, however, in the variation 
of this experiment carried out by To- 
maschek an air condenser was used for 
some of the experiments. In others, a 
dielectric of sulphur was employed 
which, being a crystalline body, Kennard 
would regard as unsuitable. 

Tomaschek ’s closing discussion is ad- 
mirably judicial. He recognizes the con- 
flict between his result and that of 
Miller, and points out the advisability of 
a repetition of one of the experiments at 
the same place in which the other was 
performed. To this may be added the 
obvious suggestion that it would be an 
additional source of security and satis- 
faction to have these experiments carried 
out by independent observers, provided 
it is possible to obtain such equally as 
skilled as Tomaschek and Miller. 

In the new interest now attaching to 
the special theory of relativity the ex- 

• Bulletin of the National Beseareh Oouneil, 
No, 24, VoL 4, part 6, Deeember, 1922, 
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periments of Rayleigh and Brace should 
not be overlooked Their theory is very 
simple, and the necessary instrumented 
outfit ought not to be incapable of being 
so constructed that it may be carried up 
in an airplane. 

We have made as yet no reference to 
tiie three experimental tests of relativity 
suggested originally by Einstein, for the 
reason that none of them refers to the 
special theory of relativity, which is the 
aspect of the situation now brought anew 
into question by the results of Toma- 
schek and Miller. Einstein’s three tests 
are concerned with the general theory of 
relativity, or, more specifically, with 
Einstein’s theory of gravitation. It is to 
be remembered that the general theory 
of relativity is founded upon a postulate 
not involved in the special theory — the 
equivalence of gravitation and inertia — 
and that if the special theory were to be 
finally discredited this principle of 
equivalence would remain unshaken. 

It is therefore a source of satisfaction 
to turn from the contradictory and con- 
fusing evidence in the case of the special 
theory of relativity and find that the evi- 
dence for Einstein’s theory of gravita- 
tion is consistent throughout. 

Three tests for this theory were origi- 
nally suggested by Einstein : the irregu- 
larity in the motion of the planet Mer- 
cury; a deflection of light rays passing 
near the sun ; and a shift of the Fraun- 
hofer lines in the solar spectrum. 

Of these three the first was the earliest 
to establish itself, albeit not without op- 
position. There were not lacking at- 
tempts to explain this anomalous motion 
by postulating the existence of attract- 
ing matter between Mercury and the 
sun, but the difficulty was to account for 
the disturbance of Mercury without in- 
terfering with the motion of Venus. The 
seriousness with which the anomalous 
motion of Mercury has been generally 
regarded and the impossibility of ac- 
counting for it by the law of gravitation 


are shown by the fact that at one time 
the radical proposal was made to alter 
slightly the Newtonian formula by 
changing the exponent 2 to 2.000 000 
1612. This was first suggested by the 
elder Asaph Hall, the discoverer of the 
satellites of Mars, and was for a time 
regarded favorably by no less an au- 
thority than Newcomb, who abandoned 
it only after E. W. Brown showed that 
the motion of the moon did not allow 
of even this slight departure from the 
number 2. But with the ease and grace 
of a master, Einstein shows how it is 
possible to account for the irregularity 
of Mercury without altering the rela- 
tions between the earth and the moon, 
or disturbing the motion of Venus or any 
other planet. In default of any other 
theory, the relativistic explanation of 
the motion of Mercury has attained an 
acceptance which, though perhaps pro- 
visional, is general. 

In his second and third proposed 
tests Einstein ventured upon dangerous 
ground — that of prediction. Here it 
was no longer a question of explaining 
a known fact, but of predicting some- 
thing which had not yet been observed 
or even suspected. The success of such a 
prediction has always been regarded as 
a weighty argument for the theory in 
question; for example, Poisson’s pre- 
diction of the existence of a bright cen- 
tral spot in the shadow of a circular disc 
did much to establish the undulatory 
theory of light. 

For the experimental confirmation of 
the second test, the deflection of a light 
ray grazing the sun’s surface, it was 
necessary to wait for a total eclipse. Two 
such opportunities presented themselves 
within a reasonable time, and finally 
(largely as a result of the Lick Observa- 
tory expedition to observe the eclipse of 
1922) Einstein’s prediction was accu- 
rately confirmed. 

The third test has been much more dif- 
ficult to confirm than either of the first 
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two, because of its small magnitude. 
The shift of the solar lines predicted by 
Einstein is an amount so small as to be 
difficult to detect in the presence of 
other displacements which have long 
been recognized and understood. Con< 
tradictory results were announced by 
several observers, and much uncertainty 
existed until Adams, of the Mt. Wilson 
Observatory, succeeded in the difficult 
task of photographing the spectrum of 
the faint companion of Sirius. The ad- 
vantage of using the spectrum of this 
star rather than that of the sun is the 
vastly greater gravitative field obtain- 
able, and the consequent multiplication 
of the Einstein shift. 

The companion of Sirius is one of the 
most remarkable stars in the heavens. 
It was discovered in 1862 by Alvan G. 
Clark, while testing a telescopic objec- 
tive. It is a very faint star, of about one 
ten thousandth the brightness of Sirius. 
Its mass is about equal to that of our 
sun. Its spectrum is of such a nature 
as to indicate a surface temperature of 
about 8,000° ; that of the sun is 6,000°. 
Its brightness per unit surface must 
therefore be greater than that of the 
sun, though the total light it emits is 
considerably less. It must in conse- 
quence have a smaller surface (and 
diameter) than the sun, though equal to 
it in mass ; in other words, it must be of 
a much greater density. 

Upon calculation, its density comes 
out so high as to appear at first sight 
preposterous. Eddington* finds it to be 
about 50,000. 

That a body of such unheard-of den- 
sity can obey the gas laws is at first sight 
impossible; yet Eddington offers the in- 
genious and plausible suggestion that 
the atoms of the star, at the very high 
temperatures prevailing in its interior, 
may have their electrons knocked off, 

(Monthly Notieea, Boy. Art. Soe., March, 
1924, p. 822. 


leaving the nuclei only, which, deprived 
of their “crinoline” (as Sir Alfred 
Ewing calls it), may pack far moN 
closely than before and yet be snfficienlly 
distant to correspond to a gaseous stroe- 
ture. 

At the surface of a star of this density 
and of a mass equal to that of our sun, 
the solar Einstein shift would be multi- 
plied some thirty-fold, placing it well 
within experimental recognition. The 
shift actually found by Adams is within 
ten per cent, of that calculated by Ed- 
dington. 

Considering the approximate nature 
of Eddington’s calculated value of the 
density, this is a confirmation of the 
third Einstein test that is entirely satis- 
factory. 

A fourth experiment, proposed to test 
the fundamental postulate of Einstein’s 
gravitational theory, was carried out a 
few years ago at the Bureau of Stand- 
ards.’® This theory is, as has been said, 
based upon the assumption of the iden- 
tity of gravitation and inertia.”, A 
delicate test of this postulate is possible 
with a crystal of one of the non-isometric 
systems, for in such a crystal every 
known physical property (save inertia 
and, possibly, weight) varies with the 
axial direction in the crystal. The speed 
of light in such a crystal is differ- 
ent in the different axial directions, mak- 
ing the crystal doubly refracting; the 
conductivity for heat and for electricity 
vary similarly; the coefficient of expan- 
sion, the elastic modulus, the selective 
absorption for light, the pyro-electric 
and piezo-electric properties (when pres- 
ent), and even the hardness of the dif- 
ferent faces all vary with the axial di- 

to ‘ ' Scientific Pai>ers of the Bureau of Btaad- 
arde,” No. 482, February 16, 1924; '’Orartta* 
tional Anisotropy in Cryetali,” Heyl. 

Hey], “The Common Sense of the Theory 
of Belativity,'’ SoizNTmc Moktblt, Decem- 
ber, 1923. 
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rMtion inTolved. It is therefore an in- 
tettsting question whether in such a 
erjistal gravitation will behave as do the 
orarwhelming majority of physical prop- 
erties, or whether it will align itself with 
infftia, standing alone on the other side. 

The possibility that crystals may dis- 
play gravitational anisotropy has not 
gone unrecognized. All previous experi- 
mantal work on the subject, however, 
antedates Einstein, and the results were 
uniformly negative. No great degree of 
precision was reached, the highest being 
that of Poynting and Gray,'* one part 
in 16,000, not at all an adequate answer 
for a question of this importance. More- 
over, all such work was confined to crys- 
tab of the hexagonal system. 

The experiments at the Bureau of 
Standards were planned to include speci- 
mens of all non-isometric crystal sys- 
tems, and to reach as high a precision as 
possible. The method was that of direct 
comparison of weights in different orien- 
tations of the crystals with respect to the 
earth. The precision reached was one 
part in a billion (10*) and to this degree 
no difference in weight was observable. 

A fifth experiment, suggested by Sil- 
beistein’* and executed by Michelson, is 
of interest in this connection. It was 
based upon the possibility of the rotation 
of the earth having an effect upon the 
speed of light. If the ether rotates with 
the earth there can be no acceleration or 
retardation of a beam of light traveling 
in any direction on the earth’s surface; 
but if there is any differential motion be- 
tween the earth and the ether it should 
be possible to show it by sending two 
beams of light in opposite directions 
around a closed circuit, and looking for 
a shift of interference fringes. Silber- 
stein also calculated from the general 
relativity theory, without any reference 

«PhU. Tran*. Boy. Soc., Vol. 192, 1899, p. 
848. 

Mag,, September, 1924, p. 396. 


to an ether, that a shift of interference 
fringes should also result, equal in mag- 
nitude to the maximum produced by a 
completely stagnant ether. 

Hence, if it should be found that there 
is either no shift, or a shift less than the 
maximum, relativity would be wrong. A 
maximum shift, however, would be am- 
biguous; either relativity is right, or 
there is an ether which does not partake 
at all of the earth’s rotation. This am- 
biguous result was actually that found 
by Michelson. 

This result, while indefinite as far as 
relativity is concerned, is rather in con- 
flict with the original Michelson-Morley 
result (at ground level), though it may 
be said, of course, that ether drag due to 
rotation and to translation may be two 
different questions. No reason, however, 
is apparent for drawing such a distinc- 
tion. 

What, then, is the present experimen- 
tal status of the theory of relativity? 

The evidence in the case of the special 
theory is conflicting. The experiments 
of Tomaschek, the original Trouton- 
Noble experiment (for what it may be 
worth), the experiments of Rayleigh 
and Brace, and the original Michelson- 
Morley experiment (near ground level) 
all point to the non-existence of ether- 
drift. It should be noted, however, that 
Miller emphasizes the point that the orig- 
inal results of the Michelson-Morley ex- 
periment were in no case zero, but only 
a very small fraction of that expected. 
Miller’s later result points to an ether- 
drift of considerable magnitude, ample 
enough to be easily detected, it would 
seem, by any of the other experiments. 
Further work, involving interchange of 
stations and variations of observers, is 
called for. 

With the general theory the evidence 
is entirely concordant, with the excep- 
tion of one result, which is ambiguous. 
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Additional weight perhaps attaches to 
the positive results of two of these exper- 
iments from the fact that those in charge 
of the work had no previous bias in Ein- 
stein ’s favor. This was the case with the 
Lick Observatory eclipse expedition, in 
charge of Director Campbell, and with 
the cr3n3tal weighing experiments at the 
Bureau of Standards. The latter work 
was indeed undertaken by the experi- 
menter in a spirit of definite skepticism 
regarding Einstein’s theory, which ap- 
peared (to one who had learned his 
physics before the discovery of the 
X-rays) rather too bizarre and fantastic. 
But the negative result of this work 
placed the experimenter very much in 
the same position as that in which Balak, 
the king of the Moabites, found himself 
on a certain occasion. 

The land of Moab had been invaded 
by the host of Israel, as the sands of the 


sea in number. A battle was impendittg, 
and Balak was none too certain of tiie 
outcome. He felt that he needed moral 
support and ghostly counsel, and he sent 
messengers to Balaam the soothsayer, 
saying; “Come, curse me Jacob; coaote, 
defy me Israel!” 

It was a professional call, and Balaam 
came. Balak was glad to see him. He 
gave him presents ; he showed him much 
honor; he took him up to a high place 
where he might see the host of Israel en- 
camped on the plain below, and he 
waited impatiently for the soothsayer to 
speak. 

And Balaam spoke the words which 
the Lord put into his mouth ; but Balak 
looked at him aghast, and said: “What 
is thisf I called thee to curse mine en- 
emies, and lo ! thou hast blessed them al- 
together!” 
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HUMAN NATURE AND WAR 
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Of the Four Horsemen described iji 
the Apocalypse, science gives us high 
hope that at least two can bo unhorsed. 
By our increasing medical knowledge, 
we are gradually ridding the world of 
pestilence ; and there is reason to believe 
that science will rid the world of famine. 
But with regard to war there arc many 
who assert that science offers no hope 
whatever; that it indeed closes the door 
against hope and leaves us to despair. 

For war, it is said, springs from hu- 
man nature ; and will continue as long as 
our unchanging human nature lasts. 

No statement which claims the au- 
thority of science could be of greater im- 
portance to the public. It touches na- 
tional interest and international policy 
at every point. Psychology could not bo 
of greater service than by helping toward 
an intelligent decision of so weighty 
a problem. With your consent and in- 
terest, then, let us face this single ques- 
tion steadily. Is it true or is it not true 
that our increasing knowledge of the 
human mind shows that human nature 
will always require nations to settle their 
disputes by physical violence rather than 
by law and its more orderly methods f 
The true answer to this is worth untir- 
ing search. 

Those who declare that war comes 
from human nature and that human nar 
ture does not change have weighty evi- 
dence for their belief. Wars have oc- 
curred since the remotest time of human 
history. Wars doubtless were waged 
long before human history began. They 
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reach still farther back, into the animal 
world, where pugnacity is frequent and 
widespread. Thus all the momentum of 
our animal and human inheritance would 
seem to carry us fatally forward along 
the ways of war. It surely seems that 
humanity is pugnacious in its very nerve 
and muscle ; that man is bom to battle 
as the sparks fly upward. Human na- 
ture through all the ages, it would seem, 
shows the same qualities, and will pre- 
vent change, whatever may be the strong 
desire for a different order of life. 

And yet the thought which I would 
urge as the word of science is the exact 
opposite of this. I shall ask you to ob- 
serve for yourselves profound changes 
which have occurred in human society 
and which have not required a shadow 
of turning in human nature itself — 
changes quite as profound as would be 
involved in driving war to the very out- 
skirts of society. Institutions based 
upon the most permanent traits of hu- 
man character have been tom down and 
swept away, and without destroying or 
even weakening a single one of our great 
human motives. 

II 

Would you be willing to go with me, 
not back to the cave man, but to what 
has occurred within comparatively re- 
cent times — in Mexico, in the islands of 
the Pacific and in Africa f In these and 
in other places it was customary to sacri- 
fice living men upon the altar of some 
powerful supernatural being. To obtain 
the creatures for such sacrifices was 
often one of the aims of war. And be- 
yond this, it was thought that the divine 
wrath could be appeased, not by sacri- 
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flcing war prisoners only bat by saori- 
ficing the life of one’s own son or daugh- 
ter, by thns offering something still more 
precious to the worshipper and to his 
god. 

We can imagine the opposition to 
those who in due time wished to do away 
with this ghastly institution. “What!” 
others must have said, “Would you 
change human nature! Do you expect 
men to give up their very religion! 
Would you have us refuse to offer to our 
divinity the most precious things we 
have!” And yet in spite of such mis- 
givings human sacrifice in all civilized 
regions has gone forever, and without 
altering a single one of the deep motives 
which supported it. There remained un- 
changed the love of children ; indeed this 
love grew stronger ; and there grew 
stronger also the sense of the value of 
human life generally. There remained 
the same awe of the unseen world and 
the same impulse to avert the wrath of 
this unseen world. The institution of 
human sacrifice was destroyed without 
changing human nature and without de- 
stroying either religion or human dedica- 
tion to the ideal. 

And the same is true in another great 
region of social conduct. Blood ven- 
geance once existed almost the world 
over — the feeling that the death of 
a member of one’s own family must 
be avenged by taking a life of the family 
that caused the death. The impulse to 
wreak such vengeance has been exceed- 
ingly powerful and exceedingly difficult 
to control. Even so mild a statesman as 
Confucius felt that an official could not 
live in the same country with one who 
had killed a high officer of the state. 
Confucius felt that any subordinate 
official must personally see to it that the 
death of his superior did not remain 
unavenged. 

But there came a time when the spirit 
of the law spoke with an entirely dif- 
ferent voice. It said “No” to this deep 
and almost irresistible cry that an indi- 


vidual who has been wronged shall him- 
self take the blood of the wrong-doer. 
“Vengeance is mine,” the law came 
finally to say, “and not yours.” “Your 
impulse is, in a measure, just ; but it is 
a too-crude, a too-expensive way to ob- 
tain justice. There will, on the whole, 
be more of justice if those who are less 
close to the wrong shall determine who 
is guilty and what shall be his punish- 
ment.” Here, again, we may imagine 
the critics who in that day exclaimed: 
“Do you expect a man not to bum with 
indignation at the death of his own kins- 
man! Is he to accept coolly the killing 
of his father or of his son! You will 
first have to change human nature be- 
fore you can attain your goal ” Yet in 
spite of the seeming inability, the insti- 
tution of private blood-vengeance has 
been done away, and without requiring 
that human nature should change by a 
hair’s breadth. There still remain all the 
deep motives of revenge. There is in us 
to-day the same love of family, the same 
hatred and rage at the taking away of 
one’s own flesh and blood, the same de- 
sire to right the wrong done by the vio- 
lator of the family tie. Personal blood- 
revenge has given way to communal law 
without requiring that human nature 
itself should give way. We simply have 
instituted better methods of satisfying 
the ancient human impulses, while leav- 
ing the impulses themselves strong and 
untouched. In the same way one might 
speak of piracy and of duelling, which 
also have been virtually abolished while 
human nature remains unchanged. 

But I hasten on to slavery, which 
comes closer to us and whose abolition 
is within the memory of men who still 
live. Slavery’s hold upon man is from 
earliest times. The enslavement of others 
has marked the leading people of the 
world. Civilization itself has seemed im- 
possible without it. Only yesterday the 
Uving bodies of men and women were 
bought and sold even in our own land. 
Its effect is before all our eyes in the mil- 
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lioius of Negroes now eveiTwliere in onr 
country. What deep psychological roots 
slavery had t It drew its strength from 
the acquisitive impulse— from the desire 
for wealth, for property. It drew its 
strength also from the joy of dominating 
other human beings; from the satisfac* 
tion which comes of leisure with its op- 
portunity for a more generous giving of 
necessities and of luxuries to one’s own 
family and to one's friends. Slavery 
was protected by all the intellectual and 
the emotional defenses of those who 
owned slaves. It seemed as though the 
laws of nature, of society and of Glod 
not only supported but required this 
institution ; and as though the men who 
worked to abolish slavery had no ac- 
quaintance with the human mind, of 
what is possible with human nature. 

But when the time came for Lincoln 
to sign the great Proclamation, did he by 
so much as a jot or tittle have to an- 
nul the laws of human nature itself t No. 
Men continued as before to be avaricious. 
They still are ready to use other men for 
their own interests. They still are ready 
to believe that what they deeply desire is 
also deeply right. But society has fixed 
new limits to the ways in which men can 
gratify their impulses to acquire wealth 
and to control their fellows and to seek 
leisure and luxury. No attempt was made 
to eradicate the old impulses, but only to 
set bounds within which these impulses 
might seek their satisfaction. There has 
been no general repression ; indeed, there 
has been given a larger opportunity than 
ever before to acquire wealth and to con- 
trol one’s fellows. Even in the restric- 
tions a larger opportunity was offered to 
the disappointed impulses. But men 
have been prohibited from buying and 
selling men as one buys cattle. 

Ill 

Now to turn our attention, in closing, 
again to war. Is it, in its relation to hu- 
man nature, essentially different from 
these other forms of social behavior T 


War unquestionably is one of the modes 
in which our nature finds expression. 
Deep, indeed, is its hold upon us. The 
worst, the best of us, goes into it. Hardly 
a strand is there of human life that is 
not woven into its texture. Hardly an 
interest is there to which war does not 
minister. The difSculties of restraining 
it are immense ; those who would change 
our ways with regard to it have no light 
task. So long is war’s history and so 
deep its roots that all thoughtful men 
will have at times some touch of despair 
that there can be success against it. 

And yet 1 feel sure that such despair is 
not scientifically justified. The thought 
that success here is not impossible can be 
held without forgetting or misrepresent- 
ing human nature. It can be held with- 
out shutting one’s eyes to the plain facts 
of experience and psychology. It may 
well be true that in all its large outline 
human nature does not change. And yet 
our experience shows that this unchang- 
ing nature of ours permits important 
changes in human conduct. Indeed, un- 
der the stimulation of social enterprise, 
human nature not only permits, but de- 
mands profound changes. 

We can not doubt that humanity will 
keep the great impulses which still lead 
to war — among which is the love of 
wealth, the love of adventure, the love 
of honor, the love of mother country. 
Yet there can be a growing impatience, 
a growing abhorrence of satisfying these 
great impulses by the old and bloody 
methods. Nor is there in the science of 
p.sychology anything to assure us that in 
this one region no farther advance is pos- 
sible; to assure us that here men have 
reached the last limit of their inventive- 
ness; that they can institute no shrewder 
and more satisfying devices to express 
their devotion to their own nation’s life 
and to the life of the world. 

And if those who respect science adc, 
*'What of those who assert that human 
nature is always the same?” The reply 
with the best light of science must be: 
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“Yes, they are probably right in this. 
Within wide limits human nature does 
not change. Yet they are wholly wrong 
in supposing that for the end we here 
have in mind it needs to change.” Great 
things have been done, while human na- 
ture has remained the same. Our civili- 
zation has been rid of human sacrifice in 
our civil life, of piracy upon the high 
seas, of slavery in all the leading com- 
munities. Every one of these social insti- 
tutions has had the support of men’s 
permanent passions, of men’s deepest im- 
pulses. To rid the world bf these crooked 
ways of conduct, it has not been neces- 
sary to rid the world of humanity. Nor 
has it been necessary to wait until all 
sinners have been changed to saints. It 
has been necessary merely that men 
should be socially progressive, inventive, 
adventurous. Men have had to cooper- 
ate with others untiringly to change the 
old habits of their social life. New ways 
of justice and law and order have had to 
be viewed with hospitality, without a too 
tenacious clinging to the cruder and less 
effective ways. 

Human nature here plays a double 


rdle. It runs with the hare and hunts 
with the hounds. It expresses itself by 
clinging to the old, by reverting to the 
old ; but it expresses itself no less by dis- 
satisfaction with the old, by progress to 
the new. It has not sto^ as a wall 
against improvement. The advance, the 
untiring search for more effective insti- 
tutions of justice, for more effective ways 
of meeting the rival claims of large 
groups of men — these changes are an 
utterance of our nature. The deepest 
forces behind human conduct do not 
merely oppose civilization ; they also 
press us to be more and more civilized. 
Human nature resists progress, but in all 
leading lands it also gains the victory 
over its own resistance, over its inertia 
and habit, over its own conservatism. It 
gives the motives, the human instru- 
ments and leaders, the intelligence, the 
insistent urging, which in the past have 
enriched and strengthened our civil life. 
And these same great forces, psychology 
in no wise forbids us to hope, will bring 
nations to establish better institutions 
than war to do the work of war. 


MAKING AIRSHIPS SAFE 

By Dr. L. B. TUCKERMAN 

DIVISION or UEOUANIOS AND SOUND, U. S. BUBZAU Or STANDARDS 


The successful polar flights of Byrd 
in an airplane and of Amundsen in the 
airship Norge are still fresh in our 
minds. We realize more fully than ever 
before that the airways of the earth are 
open, though all other ways are closed. 
The contrast between these two flights 
and also Amundsen’s partially successful 
airplane flight of last year show again 
that for a full mastery of the air both 
airships and airplanes are necessary, 
each in its own particular field. 

In providing for the future develop- 
ment of aviation in the Navy this fact 
was recognized. The bill passed recently 
by the House of Representatives, which 


is now before the Senate for its consid- 
eration, authorizes the construction of 
two new airships, each of six million 
cubic feet capacity. These are to be 
rigid airships, similar in construction to 
the Shenandoah and Los Angeles. In 
view of the probability of the construc- 
tion of these ships, it seems worth while 
to discuss some of the provisions made 
to insure their safety. The Bureau of 
Standards is by law commissioned to 
assist the United States Navy and other 
government departments in their scien- 
tific and technical problems. The United 
States Navy has consistently made the 
fullest use possible of the facilities af- 
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forded hy the Bureau of Standards and 
many lines of investigation connected 
with the safety of airships have been in 
the past and will be in the future car- 
ried out at the Bureau of Standards. 
The work at the Bureau of Standards is, 
of course, only a part of the technical 
investigations which are carried out for 
the purpose of designing safe airships. 
Both the U. S. Navy and U. S. Army 
maintain their own investigational lab- 
oratories; the National Advisory Com- 
mittee for Aeronautics also contributes 
its share and more particularly serves as 
a directing agency to coordinate all work 
of this kind in all branches of the gov- 
ernment service. My talk this evening, 
however, will be confined to the work of 
the Bureau of Standards, with which I 
am most familiar. 

Safety is a relative term. We make 
houses safe, and our larger cities have 
building codes in which are written the 
lessons learned from years of experience 
of house building ; but nevertheless 
houses fall. We need merely to remem- 
ber the earthquakes of Tokyo in Japan 
and of Santa Barbara in California, the 
volcanic eruptions of Vesuvius and 
Mount Pelee or the tornadoes which 
devastated the cities of Omaha and, more 
recently, Lorain, to realize that houses 
can not be made absolutely safe against 
the gigantic forces of destruction which 
at times rage on the surface of the earth. 
No construction of the hand of man is 
absolutely safe. 

For over five thousand years men have 
sailed the sea in ships and five thousand 
years of training in seamanship lie be- 
hind the safety of our present-day mari- 
time traffic. Two thousand years ago 
Horace said, ‘‘Oak and triple bronze 
armored the heart of the man who first 
entrusted a frail bark to the ruthless 
sea^' ; and to-day, although we know that 
our ships are safe, as safe as human skill 
can make them, still in our litanies we 
have the prayers “for those in peril on 
the sea.'' Fourteen years have passed, 
but the memory of the Titanic is still 


with us. The loss of over fifteen hundred 
lives in that one disaster teaches us that 
these prayers are not mere empty forms. 
The dream of “a goodly vessel that shall 
laugh at all disaster and with storm and 
whirlwind wrestle" is still a dream of 
the future. None the less do men go 
down to the sea in ships and each year 
the toll of life decreases. 

For thousands of years man has looked 
upon the birds of the air and dreamed 
of the time when he, too, would fly, yet 
it is but a little over a century and a half 
since man first took to the air, in the bal- 
loons of Montgolfier and Charles. It is 
a scant quarter of a century since navi- 
gation of the air became a reality. There 
has not yet been time for him to learn 
all the dangers of the air nor for his 
skill to defeat them. Much already has 
been accomplished. In the years before 
the war the German Zeppelins carried 
over forty-two thousand passengers in 
more than two thousand flights, and 
after the Armistice one airship, the 
Bodensee, carried twenty-five hundred 
more passengers without a single injury 
to passengers or crew. Much more, how- 
ever, remains to be done. The loss of 
the R-38, the Roma and finally the 
Shenandoah warns us against over- 
confidence. Even the Polar flight of the 
Norge, dramatically successful though it 
was, shows again that only through navi- 
gating the air can we learn to make air 
navigation safe. The danger to airships 
from ice was learned only by actual 
flight, and the flight of the Norge teaches 
us that this danger must be considered 
even more carefully in the future. If, 
after ten thousand years of building 
houses and five thousand years of sailing 
in ships, human lives still are lost in the 
destruction of these works of man by the 
forces of nature, we must expect as the 
price of our conquest of the air a toll of 
human lives. It is the task of every one 
connected with the development of air- 
ships, physicist, chemist, materials engi- 
neer, designer, constructor, navigator, to 
make that toll as small as possible. All 
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the resources of science and engineering 
and the accumulated experience of years 
in building structures, in navigating 
ships of the sea, and the stiU scanty, yet 
valuable, experience in navigating ships 
of the air must be brought to bear upon 
this problem. 

So many factors enter into the safety 
of an airship that in the portion of the 
problem assigned to the Bureau of 
Standards nearly every line of activity 
of the bureau is asked to contribute its 
share. First, the airship must be built 
of light, but sound and lasting materials, 
in particular its rigid framework. For 
this reason, the Bureau of Standards 
studies in its metallurgical division and 
engineering mechanics section the prop- 
erties of duralumin, how it is affected by 
heat treatment and working, how well it 
resists the corrosive influence of the 
atmosphere. Duralumin (the aluminum 
alloy of which the Shenandoah and Los 
Angeles were built) is to-day, when un- 
protected, more resistant to atmospheric 
corrosion, or rusting, than unprotected 
structural steel, but the investigations of 
the Bureau of Standards promise to fur- 
nish means of making it even more dur- 
able. Of these sound materials, strong 
and light girders must be built. So light 
that a man can carry one of them in his 
hand and yet so strong that they will 
carry loads of thousands of pounds. Not 
yet do we know how light these girders 
may be constructed and still be safe, but 
the safety of the ship is insured by test- 
ing each of its main girders in our test- 
ing machines so that we know its 
strength is greater than the strength for 
which it was designed. For the Shenan- 
doah nearly 150 full-sized girders were 
tested and a similar and larger program 
is planned for these newer ships. 

The lifting of the airship is due to the 
helium gas confined in the gas cells. 
The securing of gas cells, light and 
strong and impermeable, is necessary to 
the safety of the ship. The strength and 
the permeability of the gas cells are 
tested by the textile section and the gas 


section of the Bureau of Standards, and 
an active investigation is being carried 
on to secure even stronger, lighter and 
more impermeable cells. 

The problems of design are the prob- 
lems of the Bureau of Aeronautics of 
the Navy Department, but so important 
is the design of such a ship that they 
call in consultation qualified men from 
other government departments to advise 
them on their problems, and part of the 
work of the engineers of the Bureau of 
Standards is to assist them in securing 
the best and safest designs. 

Each ship, when built, becomes a 
school and though the ships to be con- 
structed will represent the best that can 
be produced with our present knowledge, 
in the future airships will be still better. 
Part of the problem is to study the be- 
havior of these airships in flight so that 
from it lessons may be learned that will 
make possible these greater improve- 
ments in the future. 

The electrical division of the Bureau 
of Standards has developed an electric 
elemeter already in use on the Los 
Angeles and to be used in future ships. 
With these instruments the stresses set 
up in the structure of the ship in flight 
will be measured. From the measure- 
ments it will be possible to learn where, 
in future ships, lighter construction may 
be safely used or where alterations in 
the design may be made advantageously. 

When the ship is flown, it is necessary 
for its safety that the engines which 
drive it shall be adequate in power and 
reliability. The problem of a reliable 
airship engine is not so simple as that of 
a reliable automobile engine. Two fac- 
tors enter into the problem which are of 
less importance for automobiles. In the 
first place, lightness of construction is 
essential far more than in any engine 
which operates on the ground and, in the 
second place, it is necessary that the 
engines operate successfully under ex- 
tremes of temperature and pressure 
never encountered by an automobile en- 
gine. Those of you who have motored 
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throagh the Rocky Mountains know that 
even relatively small heights interfere 
considerably with the running of a gaso- 
line engine. An airship engine must not 
only operate satisfactorily at the tem- 
peratures and pressures at the surface 
of the earth but at temperatures often 
thirty or forty degrees below zero and 
pressures less than one third the air 
pressure at the surface of the earth, 
found at altitudes of thirty thousand to 
thirty-five thousand feet. The altitude 
chamber of the Bureau of Standards is 
a chamber in which engines can be tested 
under approximately these conditions. 
Refrigerating machines lower the tem- 
perature and large air pumps exhaust 
the air so that the engines are run under 
pressures and temperatures correspond- 
ing to altitudes of over thirty thousand 
feet. All the types of airship engines 
used by the U. S. Navy have been tested 
in these chambers before being installed. 

The navigation of an airship is very 
much more complicated than the navi- 
gation of a ship on the ocean, involving 
problems in three instead of two dimen- 
sions. So important for their safety is 
the adequate knowledge of the condition 
of all parts of the ship that many special 
instruments have been developed for this 
purpose. The aeronautic instruments 
section of the Bureau of Standards has 
contributed many of these: a fabric 
tension meter to measure the tension of 
the outer cover; a superheat meter to 
measure the temperature of the gas in 
the cells; a gas pressure alarm to tell 
when the pressure of the gas has reached 


its safe limit; a gasoline flow meter to 
insure an accurate control on the fuel 
consumption of the engines; for control 
of navigation the earth inductor com- 
pass; an air speed meter; an altimeter 
to show how high the ship is flying; an 
electric turn meter and a pitching indi- 
cator to show how rapidly the ship is 
turning to the right or left or up and 
down; a rate-of-climb meter to indicate 
how rapidly it is rising or falling; a 
sextant for observation of the position 
of the sun and the stars, necessarily more 
complicated than the common sextant 
used at sea. These are some illustra- 
tions ; time will not permit of a complete 
description of these instruments, but a 
visit to the control cabin of an airship 
will show how carefully provision is 
made to insure that all the conditions of 
the ship which affect its navigation are 
measured and controlled, by instruments 
immediately under the eye of the pilot. 

It has been possible to mention only 
briefly a portion of the work which is 
being done at the Bureau of Standards 
to insure that the airships our Navy 
builds are safe and that so far as possi- 
ble all the resources of science, engineer- 
ing and experience are being brought to 
bear upon the problem. The future of 
air navigation is full of promise, and in 
that future the airship has its place dis- 
tinct from that of the airplane. It is 
surely fitting that the United States, 
which gave to the world its first success- 
ful airplane, should actively advance 
man’s final mastery of the air. 


ATMOSPHERIC DUST: IS IT HELPFUL 
OR HARMFUL? 

By Dr. HERBERT H. KIMBALL 

HXTEOBOLOOIST, UNITBD STATSS WXATHEB BUBEAXJ, WASHINGTON, D. O. 

This story is not going to be exciting, inhale about twenty times a minute, and 
so my radio audience will be able to with each breath will draw about thirty 
keep on breathing in a natural way; and cubic inches of air into your lungs, or 
those of you who are normal adults will six hundred cubic inches in a minute. 
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We are going to examine the solid 
particles, usually called dust, contained 
in the air we breathe. I will ask you to 
go with me to the campus of the Amer- 
ican University, four miles northwest of 
the White House, on a ridge three hun- 
dred feet higher than the business sec- 
tion of Washington. During the World 
War the Chemical Warfare Service had 
its headquarters and experimental labo- 
ratories in this campus. The govern- 
ment still retains some of the labora- 
tories, and in one of them wc will ex- 
amine samples of dust collected from the 
atmosphere. 

It is a clear frosty morning, so my 
records say, of a particular April day, 
with little wind and a beautiful blue sky. 
To the north Sugar Loaf Mountain, 
thirty miles distant in Maryland, is dis- 
tinctly visible, and we can also distin- 
guish peaks of the Blue Ridge fifty miles 
to the west in Virginia. In the valley to 
the east and south, however, where, the 
nearby cities of Washington and Alexan- 
dria should be clearly seen, we look out 
upon a murky cloud, the upper surface 
of which is only slightly undulating, and 
through which protrude the tops of the 
towers of the Arlington radio station. 
Presently, as the sun begins to warm the 
surface of the ground, the cloud rises 
and envelops the university, reducing 
the limit of visibility to three quarters of 
a mile. 

On January 16 of this year, a cold, 
calm and clear day, at 10 a. m., hills to 
the north in Maryland ten miles distant 
were visible. To the east and south, how- 
ever, Washington and Alexandria were 
again hidden from view. On Pennsyl- 
vania Avenue in Washington it was so 
dark that street cars and automobiles 
used headlights, while government and 
private offices resorted to artificial 
lighting. 

What was there in the atmosphere of 
the city on that beautiful April morning 
that reduced the limit of visibility from 
fifty miles to three fourths of a mile? 
And what did it contain on the morning 


of January 16 that reduced the daylight 
intensity to that of twilight? The odor 
told us that at least a part was coal 
smoke, and I think you will be interested 
in the examination of the particles that 
make up the smoke. 

We will collect the dust contained in a 
measured quantity of air, using for this 
purpose an instrument modeled after our 
breathing apparatus. For the lungs we 
will substitute a suction pump ; for our 
mouth, a small metal box; for our lips, 
a metal plate containing a small slot, and 
we will attach to this plate a tube lined 
with wet blotting paper, so as to saturate 
the air with moisture as it passes 
through. In the box, directly in front 
of the slot, we will place a small and very 
thin glass disk — a microscope cover glass 
is just the thing. 

Now make the apparatus inhale by a 
quick pull on the piston of the pump. 
This movement of the piston produces a 
partial vacuum in the metal box, and as 
the air enters moisture is condensed on 
the dust particles that came in with it. 
This so increases their weight and sticki- 
ness that they strike the cover-glass and 
adhere to it. If we quickly remove the 
cover-glass we will see upon it a fine 
whitish line of moisture. This moisture 
quickly evaporates, but the dust, though 
invisible to the naked eye, remains on 
the glass. 

In the examination of this dust we use 
a microscope that magnifies the diam- 
eters of the particles one thousand times, 
and their cross-section one million times. 
With it we can count dust particles hav- 
ing a diameter as small as 0.000008 inch. 
Smaller particles neither reflect light 
nor cast a shadow and therefore can not 
be seen. It would be a tedious task to 
actually count every particle in the fine 
line of dust ; hence we measure its length 
and breadth, count the number of par- 
ticles contained in two or three typical 
bands across it and then compute the 
number in the whole line. 

Air brought te the university from the 
open country by a northwest wind con- 
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tains about two thousand dust particles 
per cubic inch ; that on an average morn- 
ing at the university during the winter 
of 1925-26, about thirty thousand, and 
that from the smoky air of Washington 
about 115,000. During this winter, air in 
the northwest suburb has contained 
about fifteen times as many particles of 
solid matter as air from the country, and 
the air from the smoky city about sixty 
times as many. But 115,000 dust par- 
ticles per cubic inch is not an unusual 
number for the atmosphere of large 
cities where bituminous coal is burned. 
In fact, five times this number is some- 
times found. 

Furthermore, the dust found in coun- 
try air consists principally of finely 
powdered mineral matter, irregular in 
shape, which is taken up from the sur- 
face of the ground by the wind; a few 
crystals, principally salt, and in the 
warm months of the year pollen from 
plants and spores from rusts or molds. 
In the suburbs there are added to the 
country dust the products of combustion, 
such as soot and ash and compounds both 
of sulphur and tar. In the city there is 
an increase in the combustion products 
and also dust from building operations. 

The average diameter of country dust 
particles is about two one hundred thou- 
sandths of an inch; that of suburban 
dust about twice, and that of city dust 
about three times as great. The entire 
two thousand particles from a cubic inch 
of country air if in a straight row and 
touching one another would form a line 
only .04 inch in length ; those from sub- 
urban air would span 1.2 inches, while 
those from the city air would make a 
string 6.9 inches long. The suburban 
dust line is thirty times and the city line 
170 times as long as that from the open 
country. The volume of dust from sub- 
urban air is 120 times, and that from 
eity air is 1,550 times that from the 
country. 

As to the actual mass of solid particles 
in smoky air; in the city of Pittsburgh 
in one year the fall of soot from the 


atmosphere was over one thousand tons 
per square mile, or enough for the whole 
city to make a close string of loaded ash 
carts 250 miles long. This was before 
the Mellon Institute of the University of 
Pittsburgh had developed methods of 
smoke prevention which have since been 
adopted with gratifying results. 

Can any good come from the presence 
of dust in the atmosphere? Returning 
to our dust counter, when the air was 
cooled by expanding in the metal box be- 
tween the dampening tube and the 
pump, the surplus moisture condensed 
on the dust particles. Had there been 
no dust particles there would have been 
little or no condensation. The same is 
true in nature. When air rises to pass 
over a mountain, for instance, it often 
cools to such an extent as to become satu- 
rated with moisture. Moisture will then 
begin to deposit on the dust particles in 
the air, forming a cloud, from which 
rain may fall. In the absence of dust 
particles there would be practically no 
condensation, no cloud and no rain. For- 
tunately, there always are sufficient dust 
particles in the air everywhere to form 
the necessary nuclei for condensation. 

A smoke cloud, if dense, will retard 
the cooling of the atmosphere below it 
during the night. In fact, fruit growers 
formerly thought it necessary to form 
such a cloud over their orchards to pro- 
tect them from damage when frost 
threatened. We now know that more ef- 
fective protection is afforded by burning 
the fuel and thus producing heat to raise 
the temperature of the air in the orchard, 
rather than by forming an objectionable 
smoke cloud to prevent cooling. So we 
can not claim any virtue for smoke on 
the ground that it keeps the cities warm. 
Bather, it is an indication of an un- 
necessary waste of fuel. 

But is smoke actually harmful? Cer- 
tainly it is a nuisance because it is so 
filthy. It is an expense, because when it 
becomes dense, as on January 16 last, it 
diminishes the intensity of daylight to 
less than a quarter of that on a clear day, 
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and increases our bill for lighting. Fnr- 
tiiennore, the city dweller wants to know 
what becomes of the sixty-nine million 
solid particles he often breathes in a 
single minute. If he breathes through 
his nostrils they will act very much like 
our cover glass in the dust counter and 
collect the dust particles, as his hand- 
kerchief is apt to show him. If he 
breathes through his mouth many of the 
particles will lodge in his lungs. Exami- 
nation of the lungs of persons who had 
resided for a long time in smoky cities 
has shown them to be blackened by the 
soot from the air. Just what effect this 
may have upon health is for the medical 
profession to say. Some authorities 
claim that so much soot and dust in- 
creases our susceptibility to disease and 
especially to pneumonia. Furthermore, 
it cuts out from sunlight practically all 
the ultra-violet, which is known to be a 
powerful germicide. In consequence hos- 
pitals in large cities are equipped to 
treat diseases like rickets under artificial 
ultra-violet light, and sanitariums for 
the treatment of pulmonary diseases are 
built on mountains or plateaus where the 
ultra-violet component in sunlight is es- 
pecially strong. 

Does smoke produce fog! There are 
always a sufficient number of dust par- 
ticles in the air to bring about condensa- 
tion of moisture if the air is saturated. 
Some products of combustion are hygro- 
scopic. That is, they absorb moisture. 


and may cause a lig^t fog in air not 
completely saturated. Also, the presence 
of smoke particles in fog greatly in^ 
creases its density and retard its dissi- 
pation. It is for these reasons that Lon- 
don has days of almost complete daric<p 
ness due to the density and persistence 
of its black fogs. 

A smoky atmosphere usually results 
from the general use of bituminous coal, 
especially for heating dwellings. It is 
noteworthy that the number of smoke 
particles in the air at the American Uni- 
versity in the suburbs of Washington 
this winter is more than double the num- 
ber for any previous winter. It is pos- 
sible, however, to minimize, if not en- 
tirely remove, the smoke nuisance. In- 
telligent stoking of furnaces will do 
much. In addition, Dr. Cottrell, director 
of the Nitrogen Fixation Laboratory on 
the campus of the American University, 
has devised an electrical method of pre- 
cipitating the solid particles in smoke 
before they leave the stack. There are 
other methods of preventing city smoke, 
all somewhat expensive. We are there- 
fore called upon to decide whether we 
are willing to incur the trouble and ex- 
pense necessary to insure clean air for 
city dwellers. Stated in another way, do 
we not prefer to spend time and money 
to keep the air of our cities clean rather 
than to suffer from the damage to health 
and property that results from the con- 
tamination of the air by smoke T 





DAVID DOUGLAS 
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WHERE DOUGLAS PIONEERED 

By Major JNO. D. GUTHRIE 

IT. 8. rOHEST SERVICE, PORTLAND, OREGON 


One hundred years aKO David Doufijlas, 
the young Seottish botanist, was explor- 
ing in the Pacific Northwest. By these 
explorations he added greatly to the sum 
of botanical and forestry knowledge of 
the Pacific coast. Had he nothing more 
as a monument, his name will ever live 
ill the great Douglas fir forest of the 
west coast. 

The list of American trees and plants 
wliieh bears his name after their specific 
nomenclature is a long one. Sugar, 
western white, western yellow and dig- 
ger pines, lovely and silver fix's, are only 
a few ; the list of plants and shrubs dis- 
covered and described by Douglas runs 
into the hundreds. His botanical ex- 
plorations on the Pacific coast were truly 
those of a pioneer. His privations and 
self-sacrifice for science in the Oregon 
country of 1823 to 1830 were the more 
real ones because they had not for their 
goal material wealth, the common goal of 
men of that day and region. His too 
brief life reads like a romance. 


He was hut twenty-five years old 
when he first set out in 1823 from Liver- 
pool for America. Born with a love for 
plants, he had served a seven-year ap- 
prenticeship a.s gardener to the Earl of 
Mansfield, followed by two years at Val- 
le>die)d, near Culross, where there was a 
notable collection of exotic plants. Then 
he received an appointment in the Glas- 
gow Botanic Gardens where he came 
under the eye of Dr. William Hooker, 
tlie well-known botanist of that day. 
The Royal Horticultural Society became 
interested in the country of the Hud- 
son’s Bay Company and asked Dr. 
Hooker for recommendations as to a 
suitable person to he sent by the society 
on a botanical expedition to North 
America. It is significant of his botanic 
knowledge and qualifications as a scien- 
tist that young Douglas was recom- 
mended and appointed. He set out on 
June 3, 1823. 

The results of his first mission, which 
was confined to the Atlantic seacoast, 
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THIS TABLET MARKS THE FINAL REST- 
ING PLACE OF DAVID DOUGLAS. 

It is on tiik tornkr or thk ‘‘kawaiahao'* 
(coral stonk chl'hch) in Honolulu. 



THE UNWEARIED TRAVELER TARRIES 
HERE AT LAST. 

Photo hy Board of Agricultwre ^ Forestry, 
Honolulu. 


was a large number of specimens of oaks. 
This collection he took back to England 
late in 1823. 

He first came into the Columbia River 
on April 8, 1825, in the Hudson Bay 
Company’s ship William and Anne, after 


a trip of eight months and fourteen days 
from England. Dr. John Scouler was 
the ship’s surgeon, also a naturalist of 
note. 

1^1 ven before landing at Baker’s Bay, 
near the mouth of the Columbia River, 
Douglas made a botanical entry in his 
journal: ‘‘The ground on the south side 
of the river is now, covered thickly with 
wood, chiefly Finns canadensis, P. hal- 
samea, and a species which may prove to 
be P. iajrifolia. ’ ’ Here was his first sight 
of the tree later to bear his name, 
Douglas fir, though he called it a pine, as 
well as the western hemlock and the 
lovely fir. On the 19th, ho set out with 
the famous Dr. John MeLoughlin, ‘‘the 
Father of Oregon,” up the river on an 
expedition. His journal bristles with 
new plants and trees. Under that date 
h(» again mentioned Douglas fir, saying: 

I mcuHiircd one lying on the shore of the 
river 39 feet in circumfercnco and 159 feet 
long; the top was wanting, but at the extreme 
length 2Vi feet in diameter, so I judge that it 
would be in all about 190 feet high if not more, 
girth 48 feet; they grow very straight; the 
wood is softer than most of the Pinus except 
P. canadensis, and easily split. The Bi)ecie8, 
although I have not yet seen the cones, I take 
to be P. taxi folia, the most common tree in 
the forest. 

Douglas was a real pioneer. He spent 
three yeai’s in the Pacific Northwest, 
with the company’s expeditions, with 
Indian guides, and alone, in this wilder- 
ness. He endured the severest kind of 
hardship, going hungry and sleeping 
cold and wet night after night in order 
that by depriving himself of cover he 
might carry paper for pressing his speci- 
mens and for keeping his notes. On 
many of his trip.s he had a bearskin and 
a single blanket for a bed, and finally, in 
the heavy rains, used his precious bear- 
skin to wrap and protect his specimens. 
He had fever often when alone out in 
the trackless Oregon woods, and bled 
himself to relieve his temperature. He 
risked his life again and again, by flood 
and cliff, and with unfriendly Indians of 
that day. 
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Perhaps the most interesting of all the 
young Scot's finds are the Douglas fir 
and the sugar pine. Douglas fir, it is 
true, was first described by Captain 
Meriwether Lewis on the history-making 
trip with Clark, but the tree was not 
named until David Douglas^ specimens 
arrived in England. First called Finns 
douglasii, it was soon recognized that it 
did not have the characteristics of the 
pine. This tree passed through a varied 
nomenclature until it was finally named 
Pseudotsuga iaxifolia^ false hemlock. It 
has borne, and still does, a large num- 
ber of common names, Oregon pine, red 
fir, yellow fir and others. Only in the 
English or common name is the real dis- 
coverer of the tree honored. 

Douglas' finding of the sugar pine 
roads like a true pioneer's tale. He had 
first seen a few seed of this tree in an 
Indian's pouch near Oregon City. Sci- 
entist that he was, they instantly at- 
tracted his attention. The Indian told 
him that they came from a tall tree that 
grew far to the south. As is shown by 
many references in his journal, Douglas 
did not rest until he had seen this forest 
monarch. He had started south with one 
of the company’s cx])oditions towards 
the Umpcpia. The party turned west to 
follow the course of the river to the sea. 
Douglas, with an Indian youth as guide, 
went south and camped near the junc- 
tion of Elk Creek and the Umpqua 
Eiver. 

On this first trip he was unsuccessful, 
lie made a second exploring trip and 
found his pine, probably on what is now 
known as Sugar Pine Mountain, near 
Eoseburg. Let him tell the story in his 
own wonls, as given in his Journal of 
Oct. 1826: 

Thursday, 26th. Weather dull and cloudy. 
When my people in England are made ac- 
quainted with my travels, they may perhaps 
think I have told them nothing but my miser- 
ies. That may be very correct, but I know 
now that such objects are not obtained without 
a share of labour, anxiety of mind, and some- 
times risk of personal safety. I left my camp 
this morning at daylight, on an excursion. 



PINU8. 

At midpay I REACHED MY LONG-WISHED PINUS 
(CALLED BY THE UMPQUA TRIBE NATALE). ThIS 
MAY HAVE BEEN THE TREE UNDER WinCH 

Douglas parleyed for his life with the 
Indians. 

Photo hy Board of AgriouUv/re 4* Forestry ^ 
Honolulu. 
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Photo hy Wcister 

THE GREAT DOUGLAS FIR 


His name will ever live in the ureat Douglas fir forest of the west coast. 
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leaving my guide to take care of the camp 
and horses until my return in the evening, when 
I found everything as I wished; in the in- 
torval ho had dried my wet paper as I had 
desired him. About an hour 's walk from camp 
I was mot by an Indian, who on discovering 
me strung his bow and placed on his left arm 
a sleeve of raccoon skin and stood ready on 
the defence. As T was well convinced this 
was prompted through fear, ho never before 
having seen such a being, I laid my gun at 
my feet on the ground and niovo<l my hand 
for him to come to mo, which he did with 
great caution. I made him place his bow and 
quiver beside my gun, and then struck a light 
and gave him to smoke and a few beads. With 
juy pencil I made a rough sketch of the cone 
and pine I wanted and showed him it, when 
he instantly pointed to the hills about 15 or 
20 miles to the south. As I wanted to go in 
that direction, he seemingly with much good 
will went with me. 

At midday I reached my long-wished Pinua 
(called by the Umpqua tribe Natdle)^ and 
lost no time in examining and endeavoring to 
collect specimens and seeds. New or strange 
things seldom fail to make great impressions, 
and often at first we are liable to over rate 
them ; and lest 1 should never see my friends 
to tell them verbally of this most beautiful 
and immensely large tree, I now state the 
dimensions of the largest one I could find that 
was Mown down by the wind : Three feet from 
the ground, 57 feet 9 inches in circumference; 
124 feet from the ground, 17 feet 5 inches; ex- 
treme length, 215 feet. The trees are remark- 
ably straight; bark uncommonly smooth for 
such largo timber, of a whitish or light brown 
colour; and yields a great quantity of gum of 
a bright amber colour. The large trees are 
destitute of branches, generally two-thirds the 
length of the tree; branches pendulous, .and 
the cones hanging from their points like small 
sugar-loaves in a grocer ^s shop, it being only 
on the very largest trees that cones are seen, 
and putting myself in possession of three cones 
(all I could) nearly brought my life to an 
end. 

lleing unable to climb or hew down any, I 
took my gun and was busy clii>ping them from 
the branches with ball when eight Indians 
came at the report of my gun. They were all 
painted with rod earth, armed with bows, ar- 
rows, spears of bone, and flint knives, and 
seemed anything but friendly. 1 endeavored 
to ex[)lain to them what I wanted and they 
seemed satisflod and sat down to smoke, but 
had no sooner done so than I perceived one 
string his bow and another sharpen his flint 
knife Avith a pair of wooden pincers and hang 
it on the wrist of his right hand, which gave 


mo ample testimony of their inclination. To 
save myself I could not do by flight, and with- 
out any hesitation I went backwards six paces 
and cocked my gun, and then pulled from my 
belt one of my pistols, which I held in my 
left hand. I Avas determined to flght for my 
life. As 1 as much as possible endeavored to 
preserve my coolness and perhaps did so, I 
stood eight or ten minutes looking at them 
and they at me without a word passing, till 
one at last, who seemed to be the leader, made 
a sign for tobacco, which T said they should 
get on condition of going and fetching me some 
cones. They Avent, and as soon ns out of sight 
J x)ickod up niy three cones and a few twigs, 
and made a quick retreat to my camp, which 
1 gained at dusk. The Indian who undertook 
to be my last guide I sent off, lest he should 
betray me. Wood of the piue fine, and A’ery 
heavy; leaves short, in five, AA'ith a very short 
sheath bright green; cones 14*/^ inches long, 
one 14, and one 13^/^, and all containing fine 
seed. 

Notice Ilow the pioneer, having dis- 
posed of the Indians at the risk of his 
life, is again the scientist, describing in 
detail his new-fouml treasure! 

The very next day his guide, about 
daylight while fishing, was attacked by a 
grizzly bear. Douglas went out later 
and found a large leinalo, with two cubs, 
lie shot one of the cubs and the mother, 
paying off his guide with the carcass of 
the young. He naively puts this down in 
liis journal : 

1 aimndoned the chnse and thought it prudent 
from what happened yesterday to bend my 
steps back again without delay. So I re- 
turned and crossed the river two miles further 
down, and camped for the night in a low point 
of wood near a small stream. Heavy rain 
throughout the day. 

This is but one e])isode of his life in 
the Oregon eountry of 1825. He went 
up the Columbia River as far as Kettle 
Falls, to Fort- Spokane, and to Port Col- 
ville, and back again, through hostile 
Indian country, boating at night for 
safety; he climbed Mount Adams twice 
within a few days ; he traveled along the 
coast, and high up in the Cascades. He 
made three trips into the Blue Moun- 
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tains of eastern Oregon, he ascended 
licwis and Clark Fork, back to Port Spo- 
kane, thence overland to Okanogan, and 
back to Port Vancouver. He sct^ down 
the estimated distances traveled as 2,105 
miles in 1825, 3,932 in 1826 and 995 in 
1827. He was interested in everything 
he saw, identifying and recording the 
fauna and flora, regardless of personal 
privation, lack of food, the rains or hos- 
tile Indians. At every opportunity he 
sent back to England the specimens and 
notes he was industriously collecting. 

In January, 1827, after most carefully 
packing many precious specimens, which 
he had placed on the ship’s invoice as 
“dry plants, seeds, preserved animals, 
and articles relating to natural history” 
for the Horticultural Society of London, 
he set out for Hudson’s Bay! His com- 
panions were fifteen voyageurs, Hud- 
son’s Bay men, including four Canadians 
and three Iroquois Indians. Carrying on 
his back a tin box containing many seeds 
and his journals, he left Port Vancouver 
on January 20, on “the annual express 
across the country,” as he called it. 
What a jounicy that was, in the middle 
of winter! Ilis account of this trip is 
filled with adventure, hardship and in- 
tense interest. Up the Columbia by Oka- 
nogan, Port Colville, Kootenai River, on 
to the head of the Columbia River. After 
leaving the river because of its rapids, 
the party followed the trail afoot, on 
snowshoes, over snow-covered country to 
the northward-flowing streams, fording 
and refording the icy waters, all the time 
with his sacred tin box on his back. 

Deep snows hid plants, but he was 
busy identifying the trees and collecting 
mineral specimens and worrying because 
he could not save numberless specimens 
of grouse, ptarmigan, fox, deer, caribou 
and bear. But he carried with him for 
over two thousand miles of this journey 
a fine specimen of the bald eagle, on 
whose accidental death he remarks : 
“What can give one more pain?” 


He tarried at the posts on tlie Assin- 
niboinc River, still collecting, and at 
Norway House met Sir John Franklin 
returning overland from his second Arc- 
tic expedition, Douglas continued for 
Hudson’s Bay on August 10, arriving 
there on August 28, most pleased to see 
the company’s ship from England in the 
bay, on which he sailed for the homeland 
on September 15, 1827. 

Prom the transactions of the Horti- 
cultural Society we Icam that from the 
specimens and seeds which Douglas had 
sent home, 210 distinct species had been 
grown in the society’s gardens, 130 of 
which were later “distributed to all 
parts of the world.” 

Douglas made several trips later, into 
the Columbia rt^gion, south to California 
and later tarried in the Hawaiian Is- 
lands, to his untimely death. He seems 
to have bi’oken with the London society 
during this time, and his journals are 
not available, so that there is an un- 
fortunate gap in his life. 

The tragic nature of the untimely 
death of this brilliant young naturalist 
is a climax to his years of hardship and 
danger in the northwest country. In- 
tensely interested in the new and tropi- 
cal flora of the Sandwich Islands, he set 
out alone to go into the mountains from 
an Englishman ’s ranch in search of new 
plants, accompanied by a little dog. It 
will novel* bo known how nor why, for 
he had boon shown them, but somehow he 
fell into a pit dug by the natives for 
catching wild cattle, into which there 
had evidently fallen previously a wild 
bull. Ilis mutilated remains were found 
the following day (August 13, 1834) and 
nearby his plant-case and the faithful 
little dog. English missionaries brought 
his body to Honolulu and buried it. 

Thus at the early age of thirty-six did 
David Douglas give his life, but science 
was far richer for his having lived and 
pioneered in her behalf in the great 
Pacific Northwest. 
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BUST OF Dll. WII JJAM H. WELCH 

Dirbctor or the School or Hygiene and Public Health at the Johns Hopkins University, 

UNVEILED ON FEBRUARY 22 , ON THE OCC'ASION OF THE COMMEMORATION DAY EXERCISES Or THE 
UNIVERSITY. Dr. Simon Flexner, director or the RocKErELLER Institute, made the 

PRESENTATION SPEECH. 




THE PROGRESS OF SCIENCE 

DR. HORNADAY’S RETIREMENT AS DIRECTOR OF THE NEW YORK 

ZOOLOGICAL PARK 


At the annual aprinpf meeting of the 
board of managers of the New York 
Zoological Society, which was held in the 
Administration Building of the park on 
May 20, Dr. William T. llornaday, who 
has recently completed thirty years of 
distinguished service as director of the 
New York Zoological Park, announced 
his retirement, to take place on June 1. 
When Dr. llornaday announced his 
retirement, Professor Henry Fairfield 
Oshorn, until 1024 president of the 
Zoological Society, offcTcd the follow- 
ing resolution, which was unanimously 
adoi)ted : 

THK NEW YORK ZOOLOGICAI. SO(TETY 
(^bartered April 26, 1805 

The New York Zoological Society in itn 
thirty-first year records its appreciation of 
WILLIAM TEMPLE llORNADAY 
planner and director of the Now York Zoolog- 
ical Park sinci? April 6, 1896; naturalist, na- 
ture lover, learned and voluminous author; 
zealous friend and protector of the wild life of 
North America. 

(Miusen in 1896 as the best qualified expert 
in the United States in zoologic park planning 
ami ;ulininistratioii. Dr. llornaday studied all 
tlie great zoological parks of Europe, discovered 
the peculiar fitness of the South Bronx Park, 
traiiMformed the meadow land and wild forest, 
nml submitted the first General Plan in ac- 
cord \Nith the three great principles previously 
established by our Society; 

The establishment of a free zotilogical ])ark 
containing collections of North American and 
exotic animals, for the benefit and enjoyment 
of the general public, the zoologist, the sports- 
man and every lover of nature. 

The systematic encouragoinent of interest in 
animal life, or zoology, amongst all classes of 
the people, and the promotion of zoological 
science in general. 

Cooperation with other organizations in the 
preservation of the native animals of North 
America, and encouragement of the growing 
sentimeut against their wanton destruction. 

As administrative director of the New York 
Zoological l*ark for thirty years, Dr, llornaday 


imparted, by his own example, continued in- 
telligence, energy and enthusiasm, and inspired 
his increasing staff with loyalty and devotion 
to the spirit of imblic service, thus creating the 
largest and most beautiful, the most popular 
and the most widely known zoological park in 
the world. 

For the.se manifold services to public educa- 
tion and to zoology, the members of the 
BOARD ^OP MANAGERS 
make this permanent and grateful record of 
their appreciation, esteem and friendship. 

The idea of a Zoological Park origi- 
nated in the Boone and (^roekett (.^lub, 
in the autumn of 1894. On January 16, 
1895, Theodore Roosevelt, president of 
the club, appointed a committee of 
three — Messrs. Klihii Root, 0. Grant 
La Parge and Madison Grant, chair- 
man — who persisted in the State Legis- 
lature until a charter was secured. The 
enabling act which brought tlie Zoolog- 
ical Society into corporate existence was 
successful ly ])assed through the New 
York State Legislature by Mr. William 
White Niles, a member of the society, 
who, fortunately, at that time was a 
member of the assembly. 

The New York Zoological Society 
started out with the purpose of extend- 
ing and cultivating in every i)()ssihle 
manner for the people of the City of New 
York a knowledge and love of nature. 
The initial objects of the society, ex- 
pressed in the charter of 1895, were the 
following : 

Raid corporation shall have power to estab- 
lish and maintain in New York City a zoolog 
ical garden for the purpose of eneouraging and 
advaneing tho study of zoology, original re- 
searches in the same and kindred subjects, and 
of furnishing instruction and recreation to the 
people. 

The act to incorporate the New York 
Zoological Society, and to provide for the 
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establishment of a zoological garden in 
the City of New York was accepted by 
the city, and became a law on April 26, 
1895. 

Dr. Hornaday was appointed director 
of the newly formed Zoological Society 
on April 1, 1896, and after making a 
complete study of the various available 
parks in New York City brought to the 
attention of the Executive Committee the 
fact that the southern half of Bronx 
Park offered an ideal site for the pro- 
posed Zoological Park. 

Here he found a wonderful combina- 
tion of hill, of high ridge and deep val- 
ley, of stream and pond, rolling meadowy 
rocky ledge and virgin forest, of the 
finest description, all of which, by a 
happy combination of circumstances, had 
been preserved intact for many years. 
After the city authorities set aside Bronx 
Park as a site for the Zoological Park, 
Dr. Hornaday drew up a general plan 
in which he endeavored to preserve all 
the natural features of the park, so far as 
possible without cutting any of the fine 
trees. This plan provided for an inner 
circle of large, permanent buildings, and 
an outer circle of large, semi-wild nat- 
ural enclosures, consisting of ranges of 
from two to twenty acres in extent. It 
is interesting to compare the plan for the 
Zoological Park as adopted unanimously 
by the Executive Committee on Novem- 
ber 9, 1897, with the Zoohjgical Park to- 
day, and to note how’ very few^ changes 
have been made, and these only in minor 
details. 

The active w^ork of building the 
Zoological Park began on August 15, 
1897, and continued during the next 
eighteen years. The Zoological Park was 
opened to the public on November 8, 
1899. From that date to this the total 
attendance has been about 44,000,000. 
When the grand rush of construction in 
1899 ended with the formal opening 
of the unfinished Zoological Park on 
November 8, 1899, the entire collection 
of twenty -tw’O installations for mammals, 


birds and reptiles had been created by 
the Zoological Society at the expense of 
its own treasury. Automatically they 
became the property of the city as fast 
as they w^ere completed. 

On June 10 the Zoological Society 
presented to Dr. Hornaday a gold medal 
as a tribute to his thirty years of service. 
In presenting this medal Mr. Grant, the 
president of the society, spoke of Dr. 
Hornaday *s intimate knowledge of wdld 
animals in their native haunts, acquired 
during his world-wide travels before he 
took charge of the Zoological Park. 

'‘There have been plenty of men who 
wTre hunt(‘rs, Indian hunters and fron- 
tiersmen in our owm country, who knew 
the animals in their wild state,’' Mr. 
Grant said, “but they w^ere not men of 
training and observational ability, to 
mark down, interpret and record what 
they saw. Dr. Hornaday was one of the 
last to be able to see wild life in its 
former state, and one of the first who 
had the education, the training, the in- 
dustry and interest to put those facts on 
record.” 

Dr. W. Keid Blair, who succeeds Dr. 
Hornaday as director, is of Scotch 
ancestry, and was born in Philadelphia, 
January 27, 1875. He was graduated 
from the department of eomparative 
medicine and veterinary science of Mc- 
Gill University in 1902. While in col- 
lege he specialized in comparative anat- 
omy, pathology and psychology, acting 
as secretary of the Society for the Study 
of ('omi)arativc Psychology founded by 
the noted psychologist and physiologist^ 
Professor T. Wesley Mills, of McGill 
Univei'sity. 

Immediately upon graduating. Dr. 
Blair accei)ted a position on the scientific 
staff of the New York Zoological Park 
for the purpose of studying the diseases 
of wild animals in confinement. He has 
made numerous contributions to scien- 
tific ])ublications dealing with the com- 
parative i)athology of wild animals. 
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Uenkual view of the Station at Kepahiano, Sumatua. 


From 1905 until 1917, Dr. Dlair was 
professor of comparative palholopfy in 
the veterinary department of Ninv York 
University. Durinj? the World War he 
w^as commissioned major in the V(‘t(*r- 
inary Corps of the U. S. Army, servinj^ 


in France and Ci(»rmany as chief veter- 
inarian of the Fourth Army ('orps. He 
now holds a colonel’s commission in the 
Officers’ Deserve Corps. lie has been 
assistant director of the N(*w York 
Zoolof^ical Park sinci* 1922. 


THE U. S. NAVAL OBSERVATORY ECLIPSE EXPEDITION TO SUMATRA 


In the (piest of eclipse observations 
astronoimu’s have journeyed to the far 
ends of the earth, but it must be v<*ry 
rarely that the saint* astronomers have 
traveled a second time over tin* same 
route to almost the same place half way 
round the {xlolx* to witness and observe 
this most wonderful and awe-inspirinp; 
phenomenon. This happened in the case 
of two of the astronomers of tin* U. S. 
Naval Observatory expedition to observe 
the recent total solar eclipse of Janu- 
ary 14, 1926, in the Island of Sumatra. 
In 1901 they occupied stations near the 
middle of the island, and in 1926 in the 
southwestern part, in the little village of 


Kepahiang, Jo mil(*s from the well- 
known seaport toAvn of Benkoulen, at 
which place several other parties were 
located. Captain F. B. Lit tell, (’orps of 
Professors of Matlnmiatics, U. S. Navy, 
who had ()bserv(*d the eclipse (]f 1901, in 
Solok, was in charge of the expedition, 
and Associate Astronomer C. II. Peters, 
who had observed the 1901 eclipse in 
Port de Kock, accompani(*d him. With 
them were Dr. J. A. Anderson, of the 
Mt. Wilson Observatory, also a veteran 
ecli])se observer, who was in charge of all 
the spectrograph ic Avork, and Assistant 
Astronomer G. M. Raynsford, of the 
Naval Observatory. Lieutenant II. C. 
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Kellers, Medical Corps, IT. S. Navy, was 
a member of the expedition, and in ad- 
dition represented the Smithsonian Insti- 
tution in collecting entomological and 
zoological specimens. A party of seven 
enlisted men of the navy was detailed 
to assist in the work of erection of in- 
struments, and in the observations of 
eclipse day. 

While the Island of Sumatra may be 
described as benng in a somewliat back- 
ward state of civilization, much progress 
was noted as compared with the condi- 
tion twenty-five years ago. The eco- 
nomic condition seemed to be very pros- 
p(*rous, due to the high prices of rub- 
ber and cotfee, and the exploitation of 
extensive petroleum deposits. It was 
feared that transportation Ix^yond the 
hundnid miles of railroad might still 
have to be made by the primitive ox- 
or carabao-cart of the olden times, which 
while sure was tantalizingly slow. IIow- 
<5ver, it was found that automobile trans- 
portation service was maintained over 
good roads across the island, and rapid 
progress was assured. There is govern- 
ment ownership of railroad and auto 
truck transportation service, and by the 
courtesy and generosity of the Dutch 
government all eclipse expeditious with 
their apparatus were transported with- 
out charge from the port of debarkation 
to their destinations. The courtesy and 
helpfulness of the Dutch officials and 
residents of the island can not be too 
highly commended. 

It was well known that all eclipse ex- 
peditions going to observe this eelip.se 
were taking a long sporting chance on 
the weather, for it occurred in the middle 
of the rainy season. From the data 
available it appeared that the chance of 
favorable weather was about one in 
three. Taking account of its previous 
experience in 1901, the Naval Observa- 
tory located in a somewhat elevated 
region ju.st east of the first range of 
mountains that follow the west coast. 


The weather conditions there proved to 
be about as expected, or a little less 
favorable, as to cloudiness. The tem- 
perature was quite comfortable on the 
Avhole, the extreme range being from 64® 
at night to 90” in the afternoon. Dur- 
ing the rainy .season there were intervals 
of comparatively good weather, and the 
day nf the eelip.se was in the midst of 
.such an interval. Yet just at the time 
of totality a cloud obscured the sun for 
two of the three precious minutes of its 
duration. 

A number nf excellent photographs 
of the eclipsed .sun Avere obtained during 
the minute when it was shining through 
rifts in the cloud. The photographs 
taken with the 65-foot camera, which 
was pointed directly at the sun, show an 
abundance of intere.sting detail in the 
structure of the inner corona, and wdll 
repay careful study and di.scussion. On 
account of the partial obscuration by the 
cloud, no great extension of the corona 
Avas evident on the plates, and for the 
same reason the speetrographic plates 
were iinpre.ssed by only a few of the 
.stronge.st lines. 

The moving picture apparatus, being 
readily transportable, w'as sent in an 
automobile to seek a region of clearer 
sky, and Avith it a good film was secured, 
showing the general features of the 
corona and considerable extension. 

The first, third and fourth contacts 
Avere observed, giving the folloAving cor- 
rections to the ])redicted times, I +29.0 
.seconds, mean of two observers. 111 +1.4 
seconds, one observer, IV 4.0 seconds, 
mean of tAvo observers. 

It is intere.sting to note that Sumatra 
is to be favored with another eclipse on 
May 9, 1929, A\dth a duration of 5 min- 
utes, which is considerably longer than 
that of this year. 

Especial mention should be made of 
the elaborate arrangements made for the 
accommodation and comfort of all the 
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eclipse parties, due to the for(?si^ht and 
efforts of Director Voute, of the Bossche 
Observatory, Lembang, Java, and of Mr. 
Kerkhovon, of Bandoeng, Java, Secre- 


tary of the Netherland-Tndian Astronom- 
ical Society, and of the ever-helpful ac- 
tivities of Controleur Wink, of Kepa- 
hiang. 


A “ PSALM ” OF LIGHT 

By Beta 


Tell me not in Einstein’s numbers 
Time is but an empty dream 
And the space is dead that cumbers 
And things are not wliere they seem. 
Time is real, space is oamost 
V o’er c is but a tool 
With which thou perliaps diseernest 
But a jot of nature ’s rule. 

Not Minkowski, no nor Rioinen, 
Framed our destined end or way; 

Nor yet Maxwell nor his demon 
Fix the ether or its sway. 

Larmor's curls and Planck’s equation 
()rd(*r not one sijigle flash, 


Nor can Lorentz’ transformation 
Transcend mortal’s mental hash. 
Whims of wranglers all remind us 
‘‘As the twig, the tree’s inclined.” 

And howe’er their bents may blind us 
“Naught exists without the mind.” 
Wrangler’s art is set on axioms, 
]VIan-eonci‘ived, by man expresseil 
And like most of man’s contraptions 
May have faults when brought to test. 
lAd us then not bo excited 
Jixst because the starlight curves: — 
Euclid’s line was thought, not sighted, 
Common sense, as ever, serves. 
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BOYCE THOMPSON INSTITUTE FOR PLANT 

RESEARCH 

By Professor JOHN M. COULTER 

BOYCE 'rilOMPSON INSTITUTE 


Those avIio arc interested in the 
proj?:ress of science and of its service 
to human welfare should be informed of 
the work of the lioyee Thomjison In- 
stitute for Plant Kesearch, at Yonkers, 
New York. Colonel William Boyce 
Thompson had become impressed with 
the deptuidence of the whole population 
ui)on jilants and their products, lie 
felt that a parent public service could be 
rendered if a more etfectivo handling of 
plants could be secured. He realized 
that the problem was not merely to im- 
prove practice already in use, but 
through fundamental research to dis- 
cover the possibilities of new practice. 
With this in view, the institute was 
planned and was officially opened for 
work in September, 1924, with sufficient 
endowment to provide the necessary 
ecpiipmcnt. It should be understood, 
however, that it is not a completed 
equipment, but an initial one. Further 
equipment will be secured as jiroblems 
arise, so that the institute is a growing 
organization and not a static one. 

The general aims of the institute at 
present may be summarized under three 
heads: (1) to secui*e the best possible 
eepapment for the study of the entire 
life of plants; (2) to organize a coop- 
erative staff representing every tech- 
nique for attacking problems; (3) to 
attack the fundamentals of practical 


problems. In general, the botanical 
laboratories in America were poorly 
e(| nipped for plant research. For ex- 
ample, they lacked good equipment for 
laboratories dealing with physics, chem- 
istry, miercHduunistiy, etc., as afiplied to 
plants. Then^ wa>s need also of special 
ecpiipment for the study of plants dur- 
ing their entire life under controlled 
conditions. Tlui equii)ment ordinarily 
available secured responses for only a 
short period, which did not apply to the 
wdiole life of the plant, and this resulted 
in many mistaken conclusions. The 
pres<mt equipment at the institute en- 
ables plants to be grown under con- 
trolled conditions, such as light of vary- 
ing intensity, duration and quality, also- 
varying temperature and moisture. In 
this way the whole seri(;s of responses 
of the plant throughout its life is 
s(Tured, resulting in what may be called 
developmental physiology. 

The staff irielud(:s investigators trained 
in all kinds of technique necessary for 
solving botanical problems. At jires- 
ent, physiology, pathology, biochem- 
istry, physical chemistry, inicrochem- 
istry and moriihology are represented. 
In each of th(‘se fields of w’ork there are 
varying phases of technique. For ex- 
ample, pathology includes bacteriolo- 
gists, entomologists, protozoologists, etc. 
The same is true of the other depart- 
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ments. All these phases are related to 
each other in the life of plants, and 
therefore the different investigators do 
not work separately, but in cooperation. 
It is recognized that plant life is a syn- 
thesis of all the sciences working to- 
gether in producing the results. Prob- 
ably the most important feature of the 
institute is the recognition that all 
phases of science must focus on a prob- 
lem. One illustration of this cooperative 
attack may be taken from the investiga- 
tion of the mosaic and yellow diseases 
of plants, in which the following lines 
of technique are being api)lied : pathol- 
ogy, entomology, protozoology, micro- 
chemistry, anatomy, biochemistry, phys- 
ical chemistry and ultra-photography. 

There are at present about thirty 
regular investigators at work, in addi- 
tion to which there are thirty-throe 
helpers to care for the many necessary 
details in connection with the investiga- 
tions and the equipment. In addition 
to the permanent staff, a number of in- 
stitutions, educational and commercial 
are cooperating in supporting investi- 
gators to take advantage of the unusual 
equipment. In this way the institute 
is cooperating with other institutions 
in their investigation of fundamental 
problems. 

A brief statement of the present 
equipment may be of interest, since it 
is probably the most complete and effec- 
tive equipment at present for botanical 
investigation. The present building, 
which is only a section of the building 
planned, contains numerous labora- 
tories, each with a very complete equip- 
ment for its purpo.se, but all of them 
coordinated in such a w’ay that they can 
work together. In addition to the lab- 
oratories, there are sixteen greenhouses, 
providing for a wdde range of control 
conditions. The controls already pro- 
vided for include temperature, constant 
light and darkness, extra light, spectral 
illumination, humidity and carbon di- 
oxide supply. A notable piece of equip- 


ment is that for supplementing day.- 
light by artificial light at night. It is 
secured by means of an enormous 
gantry crane, which can be mo*ved over 
the greenhouse at night and removed 
during the day. Its illuminating in- 
tensity is eiiuivalent to that of day- 
light, so that the effect of daylight 
can be prolonged through any desired 
period. A few selections from the 
many problem.s being investigated at 
the institute will be made by way of 
illustration. 

I’ropagation Stttdies 

The institute is making extensive in- 
vestigations of propagation from seeds 
and from (Sittings, much of it in coop- 
eration with nurserymen. It is found 
that seeds that need imbedding in 
soil preparatory to germination, called 
''.stratification,^^ depend chiefly upon 
the temperature of the soil bed. For 
example, the best temperature for many 
seeds is found to be about 5® C., but 
practice often fails through lack of 
proper control. The length of time 
nece.ssary for stratification, to secure 
" after-ripening, is found to vary 
widely with different plants, even of 
the same genus. For example, in the 
rose genus, it is found that one species 
requires sixly to eighty days of strati- 
fication, while another species needs 120 
to 140 days. In seeds that require 
short periods of stratification, sowing 
in the fall out-of-doors gives the de- 
sired result. In cases where a much 
longer period is needed for after-ripen- 
ing, it seems probable that it can be 
secured by controlled cold storage, fol- 
lowed by a winter in properly treated 
beds, the seeds thus becoming ready for 
germination in early spring. The two 
things to be determined are the best tem- 
perature for after-ripening and the ne- 
ces.sary length of time. Information in 
reference to these two factors is being 
supplied. For example, such informa- 
tion was asked by a nursery concerning 
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a I'ortaiii dop:woo(l and tho answer 
secured w^as that the best temperature 
is F., and the time needed is four 
and a half to five months. 

The iiivestijfation of ])r()paf?atioii by 
means of euttinps is yieldinf? important 
results. The factors studied are time of 
makinj? the euttinj?, lenjifth ot* eiittiiij?, 
position of euttinp: and the effect of soil 
and chemical stimulants. It is found 
that plants propaj^ated in this way vary 
widely in respect to these factors. What 
is frood practice for some forms is inef- 
fective for others. These ])ropaj>:ation 
studies have proved of (;i:reat interest to 
nui-serym(*n and have sujjjiijested ini- 
proveinents in practice that are beinj? 
adopted. The institute is beini*; called 
upon to solve mote commercial research 
problems than it can care for. As a 
consequence, its policy is to select from 
the numerous problems presented only 


those that ])romise jiroi^ress in science 
and im])rovement in ])ractice. 

(biKMK'AL RloFLATION 

The investigation of this problem has 
to do with the effect of chemicals upon 
awakeninj^ the plant from dormancy and 
securing: immediate* growth. The potato 
tuber was select(*d as the subject of ex- 
])eriment, not only because it is a notably 
dormant structure, but also because if it 
can be forced into speedy activity the 
result will prove of great practical im- 
portance. The [iroblem was to discover 
the margin between the forcing action 
and killing action of the chemical. The 
extent of the exp(»rimental work may be 
realized from the fact that 224 different 
chemicals were tested, involving the use 
of about 3,000 separate experimental 
lots. The tubers were treated both cut 
and whole, and exposed to the chemical 
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usually for one hour. By far the most 
})n)misinj^ chemieal proved to be an 
ethylene eompound (ethylene ehlorhy- 
drin), whose vapors were found to re- 
markably effeetivc in eausin^ l)rom])t 
jure rminat ion. For example, in the ex- 
periments with a eeilain crop of pota- 
toes, the treated lot produeed vines two 
feet hifrh, bearing tubers, before the un- 
treated cheeks had apt)eared above the 
ground. The reason for this effect of 
the ethylene eompound is evidently due 
to the fact that there is a very wide mar- 
gin between forcing action and killing 
action. This forcing action in plant 
growth has opened up a very wide field 
in the handling of fdants and i)roves to 
he not only of scientific value, but also 
])romis(‘s to be of great practical impor- 
tance. Work is ])ro(*eeding to determine 
a standardized procedure in the use of 
ethylene chlorhydrin. It is certainly 
effeidive, hut it remains to be discovered 
wh(*ther it can be put to practical use. 


(^ertain other chemicals gave favorable 
msults, but none seemed so effective as 
ethylene cldorhydrin. An interesting 
special case is t)resented by the chemical 
known as thiourea. In proper concen- 
tration it not only caused prompt sprout- 
ing of the ])otat(), hut also caused the 
development of more than one sprout 
from a single “eye,’’ sometimes as many 
a-} eight. This means that in some way 
this chemical overcame the inhibiting 
effect of the main bud of the eye upon 
the subsidiary buds. 

In this connection, attention may be 
called to the fact that the physiological 
chemistry of [)lants is far lM‘hind that of 
animals. This is probably due in part 
to the fact that such investigation is far 
more difficult in plants than in animals 
and also to the fact that the science of 
medicine has long been engaged in inten- 
.‘ive work with animals. In animals the 
eff(H*t of what are calbnl (*hemical regu- 
latory agents is relatively easily studied. 



GREENHOUSE TLIATMTN ATED AT NIGHT HY GANTRY CRANE. 
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REFRIGERATION ROOM WITH TEMPERATURE CONTROL CITAMRERS. 


for animals liavc special glands for pro- 
ducing those substances, and an easy 
method of distributing th(‘m by the cir- 
culatory system. In plants there is no 
such specialized mechanism, and each 
cell must produce the regulative agents. 
This results in a very difficult problem 
for investigation. 

DEVEFiOPMENTAL PlIYSlOI.OGY 

The investigations under this head are 
concerned with the effect of controlled 
conditions upon plant growth. The con- 
ditions under control are light, tempera- 
ture, humidity i^nd carbon dioxide. 
'Hiese controls are a])plied, associated 
with cheeks, thmughout the whole his- 
tory of the i)lant, from the seedling stage 
to maturity. Many plants have been 
subjected to these experiments, repre- 


senting every combination of control, to 
discover the growth conditions. As 
might be expected, jdants vary widely 
in their responses, and no result applies 
to jdants in general. For example, it 
was found that the tomato and certain 
other plants suffer from daylight that 
lasts longer than seventeen hours. On 
the other hand, si)ring barley, petunia 
and some other plants w(*re found to 
flower quickest and yield heaviest in con- 
tinuous illumination, food manufacture 
proceeding uninterruptedly at the maxi- 
mum rate. Investigation with other 
kinds of controls is also yielding impor- 
tant infonnation, 

NuTRITIONAT. PHYSIOTiOOY 

This involves the chemical analysis of 
plants to discover what they are using 
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in the various tissues. Many of the 
methods in use are known to be inac- 
curate, sometimes accurate enou^'li for 
certain plants, but not for others. The 
methods in use were investigated, to de- 
termine the limits of their usefulness and 
also to improve them if possible. As a 
result, some of them were found to be 
more reliable than others, and with the 
improvements suggested they can secure 
reliable results. For example, a method 
in use for the determiTuition of reducing 
sugars was found to be accurate in its 
results under certain conditions. A 
method used for the estimate of total 
nitrogen in plant tissues was found to 
give loo low results, but certain modifi- 
cations promise to secure accuracy. 

A special investigation w'as made of 
the tissues of apfde trees and a method 
of analysis was worked out by which it 
is possible to secure accurate det(u*mina- 
tions of certain important compounds. 
At present there is no accurate method 
for the determination of starch in plant 
tissues, and therefore a promising inves- 
tigation is in progress to secure an ef- 
fective method. 

A very interesting and important in- 
vestigation in progress is the study of 
the seasonal changes in the apple tree. 
One hundred and fifty eleven-year old 
trees were secured for this study, and 
the seasonal changes in the chemical 
composition of the various tissues deter- 
mined from tlie time of leaf fall in No- 
vember to the period of fruit bud fonna- 
tion during the next season. The bark 
and wood of various years were analy/tnl 
at suitable intervals, to determine the 
chemical changes that were occairii ng. 
Tliis is but a part of the general problem 
of the chemistry of fimit bud formation 
in the apple. 

In addition to these major enterprises 
in nutritional physiologv, tliere has also 
beem cooperation witJi the investigations 
in certain diseases, as yellows and mosaic. 

Another phase of work in nutritional 
physiology is concerned with the growth - 


producing value of the foods stored in 
various seeds and the effect of varying 
proportions of these organic foods in al- 
tering the shoot to root ratio. Seeds 
varying in the proportion of carbohy- 
drates to nitrogen have been allowed to 
develop seedlings on their own nitrogen 
reserves in light, in darkness and in light 
in atmospheres containing eaibon di- 
oxide and lacking carbon dioxide, ex- 
ce})t for the small amounts given off 
in respiration. In all these condi- 
tions, the effect of additional nitrates 
was also studied. A great many in- 
teresting results have been obtained, 
showing wide variation in the behavior 
of different seedlings. For example, in 
the case of seedlings grown in darkness 
on their own nitrogen reserves, the total 
growth in grams of green material pro- 
duced per gram of original dry food ma- 
terial ranged from 4.86 grams for low- 
pi’otein corn to 32.51 grams for siui- 
llowor seed, a high-proteiu, high-oil seed. 

A brief summarized slatemcut will in- 
dicate some of the notable results thus 
far. 

Soedliiigs from low-protein seeds, as 
corn, respond more to nitrates than to 
carbon dioxide or light. Seedlings from 
high-proteiu seeds respond to carbon di- 
oxide and light more than they do to ni- 
ti'ates. Increased carlmn dioxide and 
light have* more ('Ifect upon the growth 
of roots than of shoots; while nitrates 
have more effect on the growth of shoots 
than of roots. 

Plant Diskases 

The investigation of j)lant diseases is 
another important field of work. This 
involves the discovery of the cause of a 
disease and then the dcvelopmcmt of 
some effective method of prevention. 
IMany diseases are being investigated at 
the institute, but the most striking re- 
sults have been obtained from the work 
upon mosaic and yellow diseases, and the 
latter will be us(^d as an illustration. 
The yellow diseases have long boon a 
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])Uzzlo, and for many years their investi- 
j^ation has oeeupied the attention of 
])lant |)Htholoj?is1s. For example, peaeh 
yellows has destroyed many orchards, 
and yet it could never be discovered how 
the disease was carried from diseased to 
healthy trees. In attaekinp: this difficult 
problem, the patholof^ical division of the 
institute first studied aster yellows, a 
similar disease of aster's, and succeeded 
ill discovering the particular insect that 
carries the disease. This is only the first 
step in solving the irroblem, for it re- 
mains to be discovei*ed what the insect 
ea rites that causes the infection. The 
carrier for aster yellows infects many 
other plants also, so that the infection 
may be carrned over to quite a range of 
plants. The carrier for peach yellows, 
however, still remains to be discovered, 
but the pathologist is '‘on the trail/’ 
After the carrier and the thing carried 


ai*c discovered, the final problem is to 
work out methods of effective eonti'ol. 
Much work has also b(;en done in connec*- 
tion with tire diseases of decorative 
plants. This field has received compara- 
tively little attention priwiously, be- 
cause the chief attention of plant pathol- 
ogists has been given to food-])roducing 
plants. The study of the diseases of 
decorative plants is being carried on in 
cooperation with nurserymen, florists 
and horticulturists, so that there is no 
lack of material and firoblems. 

In connection with the study of dis- 
eases, much work is being done to de- 
velop effective fungicides and insecti- 
cides. A sulphur compound has been 
secured which has proved to be most ef- 
fective in controlling such })ests as cod- 
ling moth, leaf roller, apple scab, etc. 
The process for securing it has been im- 
])rovcd so that it can be manufactured 
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in large quantities and thus be made 
available for extensive use. 

It is recognized that the destruction of 
the infecting organisms is not the final 
stage in the control of plant diseases, but 
rather a temporary stage until disease- 
resistant races of our i)lants are devel- 
oped. To prevent the spread of disease 
by the destruction of infecting organisms 
is a temporary goal, but to se(*urc im- 
mune races of our important i)lants is 
the final goal. 

]\luch work has also been done in se- 
cured seed sterilizers that will insure 
seeds against infection which has often 
resulted in the failure of crops. The 
problem is to secure a sterilizer that will 
kill fungi and bacteria, without injuring 
the seed or ])lant. 

1'ho foregoing very general stfitement 
may leave the impression that the insti- 
tute is more eoncenied with ])ractical 
problems than with fundamental investi- 
gation. Such an impression should be 


corrected. The two organizations here- 
tofore engaged in plant research have 
been the United States Dei)ai*tnient of 
Agriculture and the universities. Invoi}- 
tigators in the Department of Agricul- 
ture frequently state that they are not 
permitted to go far enough into the fun- 
damentals of the problems they are deal- 
ing with. Uongress is always demanding 
immediate practical results, and to nH»et 
this demand the fundamentals too often 
have to be neglected. The same is true 
of state universities, for the state legis- 
laturi'S are always emphasizing the need 
of practical results from their appropria- 
tions. The Boyce Thompson Institute 
is dealing with both the fundamentals 
and the practical and is trying to meet 
both the scientific need and the public 
demand. Of coui’se many of the funda- 
mental investigations being carried on 
do not promise to be of value in practical 
application, but result in increasing 
knowledge of the laws of plant develop- 
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ment. To understand the plant is the 
main purpose, and to use some of our 
knowledge in the handling of plants is 
merely a eorollary. The atmosphere of 
investigation at the institute does not 
feel the continual urge of application. 
It is realized that the more fundamental 
the investigation, the wider may be its 
possible application. Practice is merely 
the superficial application of some of our 
knowledge. There can be no conflict be- 
tween fundamental investigation and 
practical application. In fact, they are 
of mutual service in the progress of 
knowledge. Botany is especially well 


adapted to develop this joint attack upon 
its problems. 

It should be realized that the institute 
is continually urging caution as to the 
practical value of its results. Results 
secured in a laboratory may not prove 
practical on a large production scale. 
1'he program, therefore, is fn*st to con- 
duct investigation in the laboratory un- 
der controlled conditions; then to try 
out the promising results on a small field 
basis ; and, finally, if successful thus far, 
to extend the api)lication to the large 
production basis. 



PARROTS AT HOMK 

By ALEXANDER WETMORE 

ASSISTANT SFX’KETAEY, SMITHSONIAN INSTITUTION 


Parrots are displayed in zoos in sueli 
number and variety that as a grouj) they 
are probably better known in eaptivity 
than any other order of birds, with the 
possible exception of pigeons. Many 
persons keep captive parrots as pots at 
home, and a zoo without parrots would 
be a curious place indeed. The popu- 
larity of these birds is due to the ability 
of some kinds to imitate human speech, 
and also to their great length of life as 
compared with that of most other cap- 
tive forms. It is not unusual for parrots 
to live in health for twenty or tliirty 
yeai*s, and there is in the National Zoo- 
logical Park a beautiful sulphur-crested 
cockatoo that was brought to the park 
when it was first established in 18J)0. It 
was then a mature bird of unknown age, 
and is to-day in perfect health after 
thirty-five years as a friend of the jmb- 
lic. It is the oldest animal in the col- 
lection. Such birds have been known to 
reach an age of eighty years. 

Though savage tribes living in the 
warmer parts of the earth almost univer- 
sally keep living parrots as pets, these 
birds did not become well known in 
Europe until the time of the Roman con- 
quests. They were common in Rome dur- 
ing the period of the Roman Umpire but 
then practically disappeared until the 
voyages of exploration began in the fif- 
teenth century of the present era. Since 
the opening of the nineteenth century 
parrots have become widely known, and 
for many years have been imported into 
this country in large numbci’s. 

’ One of tho 8orie» of Radio Nature Talks 
from the National Zoological Park, arranged 
by Mr. Austin H. Clark; broadcasted from 
Station WRC, Washington, December 26, 1926, 
Tho illustrations are by courtesy of tho Na- 
tional Zoological Park. 


In the entire world there arc nearly 
six hundred different kinds of parrots, 
which are usually divided into two 
groups, the parrots and cockatoos 
proper, and the lories. As a group par- 
rots are easily recognized by their heavy 
bodies, short necks, round heads, small 
eyes and strong, heavily hooked bills. 
Their bodies arc covered with firm feath- 
ers tliat are usually bright in color. 
Orcen is the most common sliade in their 
plumage, often variegated with red, yel- 
low, orange, blue or bla(*k. Many are 
gorgeously marked. 

In spite of their bright coloration par- 
rots are often difficult to see. I recall 
very well, while in a jungle swamp in 
eastern Porto Rico, a flock of a dozen 
parrots that swept into a tree twenty 
yanls away, saw me and immediately be- 
came motionless so that they scorned 
utterly to disappear. After ton minutes 
of careful watching I was able to make 
out the outline of the head of one bird, 
but of its colors I could distinguish noth- 
ing amid the green of the foliage. Fre- 
quently in other pai*ts of the world 1 
have had flocks of parrots fly into a tree 
above me and then fly away before I was 
able to distinguish a single individual. 

The legs of parrots are short and the 
feet, like those of a woodpecker, have 
two toes directed forward and two be- 
hind. The upper part of the bill is at- 
tached to the skull by a hinged joint 
that allows free movement up and down, 
and frequently has a rough surface like 
that of a file on the inside at the tip, 
that assists in holding seeds so that they 
may be cracked and the kernel extracted. 

The tongue in ordinary parrots has a 
soft cushion at the tip, controlled by 
muscles so arranged that it is freely 
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floxiblo and servos as a finder to assist in 
lioldiiifr and extractinj^ food. Tlio lories 
have the edf^c of the lonj^ic fringed with 
fine filaments so that it resembles a 
brush. With this they extract nectar 
from dowel’s or eat soft juicy fruits. 

Tt is a wide-spread superstition that 
to enable a parrot to ‘‘talk’' (in imita- 
tion of human speech) it is necessary to 
split the tongue. This, however, has no 
foundation in fact, and when practiced 
only inflicts an unnecessary cruelty. 
Birds make sounds in a little organ 
known as the syrinx at the lower end of 
the tra(*hea or windpipe, and as the 
tongue has little to do with the process, 
splitting it has no connection whatever 
with the ability to imitate sounds. 

The calls of parrots living in freedom 
are as harsh as those that greet our ears 
in the bird house at the zoo, but are not 
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so disagi’ceablc, since they are usually 
softened by distance. When feeding par- 
rots are quiet but in flight the larger 
kinds arc very noisy and the approach 
of flying flocks is heralded long in ad- 
vance by their strident cries. The 
smaller species arc much afraid of hawks 
and if feeding in the ojien fly out with 
great clamor at any alarm. In the 
(’haeo of South America I found the 
monk iiarrakeet in great flocks that fed 
on the ground in old fields of mandioca 
and sweet potato and at the passing 
shadow of every buzzard rose to circle 
with shrill cries. These birds were much 
afrai<l of stoims, and when lightning 
flashed, even below the horizon, the par- 
rakeets were restless and uneasy. 

Most parrots lay their white eggs in 
cavities in trees, where their young are 
free from danger, but a few vary from 
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this habit. In southern South America 
the monk parrakeet joins in bands that 
build in company a struc^ture of sticks 
that forms a veritable apartment house 
in which each pair of birds lives in a 
separate cavity. These communal nests 
arc used year after year and often grow 
steadily in bulk. 1 have seen several 
that were six or eight feel in diameter 
and contained enough sticks and twigs to 
fill a wagon. In early days in the Pam- 
pas these birds nested in the low trees 
that formed occasional groves on the 
plains. Man introduced eucalyptus trees 
which grow to a great height, and now 
tlie monk i)arrakeets build nests in the 
branches of these trees often sixty or 
eighty feet from the ground. A s])ecies 
of duck known as the tree teal, some- 
what similar to our green-winged teal, 
I)reempts a chamber in this same com- 
munal structure, lines it with soft down, 
and hatches its own young am id the noisy 
chatter of its companions. I never be- 
came wholly a(*customed to the strange 
sight of these little ducks slanding on 
one leg asleep on some dead tree limb 
fifty feet from the earth in the vicinity 
of their nests. When hatched tlie young 
ducklings are sujiposed t<> tiunble out 
and fall to the ground, where tliey alight 
without injury because of their slight 
weight. I have seen a mother duck on 
tlie ground leading lier young to water, 
but was never fortunate enough to ob- 
serve them leaving the nest. 

Parrots arc distinctly creatures of 
habit and follow a regular routine of 
daily life. The smaller kinds often re- 
sort to holes in trees to roost or for that 
purpose gather amid dense protecting 
branches. When sleeping some species 
hang in close bunches by the bill or feet, 
wliile others perch on branches like other 
birds. Parrots do not leave their most 
until the sun has warmed the air and 
dispelled the damp morning cliill that is 
felt even in the tropics, and then in 
flocks or in pairs they fly out in search 
of food. Late in the forenoon they fly 


to water to drink and then feed or rest 
for the remainder of the day. Their 
habit of flying to some drinking place is 
so well known that on one occasion in an 
arid desert section in Mendoza, Argen- 
tina, I followed the flight of a flock of 
parrakcets for nearly two miles to an 
alkaline pool where J was able to quench 
my own thirst. 

Although the parrots as a group are 
so remarkable for the regularity of 
their daily routine, it is among them 
that we find one of the most extraonli- 
nary cases of the adoption of a new 
habit known anywhere in the animal 
kingdom. Those who are familiar with 
the zoo in Washington may recall an 
outdoor cage near the bird house in 
which are several lai*ge dull-colored par- 
rots. These are the keas, which come 
from the hills of New Zealand. The keas 
arc often quiet during the day, but to- 
ward dusk or in stormy weather, espe- 
eiall}' during the colder seuvson, they be- 
come very active. At such times their 
shrill, drawn-out cry, which resembles the 
syllables of their name, resounds through- 
out that part of the i)ark. They are 
])layful and mischievous and delight in 
cutting up logs of soft decaying wood, 
or in i)lugging with sticks the drain in 
their cement water pool. 

In their native home in South Island, 
New Zealand, they are found in the 
mountains, descending to lower eleva- 
tions in the winter. With the coming of 
the white man keas came to feed upon 
scraps of meat thrown out about camps 
and houses, or to pull bits of fat or flesh 
from sheep skins hung out in the air to 
dry. Prom this they learned to attack 
living sheep. Several will alight on the 
back of a sheep and with their long 
sharp bills tear apart the wool and skin 
to reach tlie delicious fat over the kid- 
neys. This, of course, kills the sheep. 
Occasionally the birds even attack horses. 
It has been reported that as many as 
two hundred sheep have been killed from 
one flock in the course of a single night 
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mid in some districts the keas finally be- 
came so destructive that sheep could not 
be raised where these parrots were com- 
mon. Settlers placed a price on the 
heads of the birds and so reduced their 
numbers. In 1922 keas were reported as 
still plentiful in the upland regions. It 
is from this section that the birds ex- 
hibited have come. 

Though parrots are commonly con- 
sidered tropical birds, a few kinds range 
into colder regions. The barranca par- 
rot of Argentina, which nests in a hole 
dug in the face of some cut bank above a 
stream or dry arroyo, is found through- 
out Patagonia to the Straits of Magellan, 
where snow and sleet may come in any 
iTionth of the year, and summer is far 
from the season of warm weather that 
we experience in more temperate areas. 
Another species of parrot is found in 
forests in the same region. Parrots and 
penguins seem opposites in range yet it 
is possible to see the two in close prox- 
imity along the shores of the ocean chan- 
nels of southern Patagonia. In the Mac- 
<|uarrie Islands, beyond Australia, in 
Ijatitude 55® South, there is also a par- 
rot, which lives amid such bleak, inhos- 
])itablc surroundings that we may well 
wonder how the bird became originally 
e^stablished there. 

In North America, too, there are par- 
rots that do not fear the c>old. In the 
early history of our own country the 
Carolina paroquet, a small parrot about 
twelve and one half inches in length, 
with orange and yellow markings on the 
head and neck and the rest of the plum- 
age briglit green, was found throughout 
most of the cjustern United States north 
to Mainland, the Great Lakes Region 
and Nebraska, where it ranged in fiocks 
that at times wandered even farther 
north. Originally these birds lived on 
the seeds and fruite of various trees, 
thistles and eoeklc-burs. With increased 
isettlement they came to fruit orchards 
and fields where their destructiveness. 


coupled with their bright colors and 
noisy habits, led to their extermination 
by shooting over wide areas. It is sup- 
posed that a few persist still in the 
depths of cypress swamps in parts of 
Florida, as every year they are reported 
there by deer and turkey hunters. None 
has been found by naturalists since 
1906 so that they arc now very rare. In 
1917, on the Gulf Coast of Texas, I was 
told of some bright green birds with yel- 
low and orange in the plumage that had 
come to feed on China berries at a ranch 
near the mouth of (he Brazos River. It 
is possible that the paroquet still exists 
in the swamps of that region. 

In this connection I may note that 
recently I have identified an extinct 
cousin of the Carolina paroquet in a fos- 
sil state from northwestern Nebraska 
from bones that arc supposed to be two 
million yeai's old. 

In northern Mexicto there is a larger 
parrot with a long tail known as the 
thick-billed parrot that feeds on the 
cones of pines and on acorns. At ir- 
regular intervals this bird comes north 
across our border into the Chiricahua, 
Iluachuca and Graham Mountains, and 
other nearby ranges, in southern Ari- 
zona, where it may remain in flocks for 
a year or more before it disappears. On 
occasion some have been captured alive, 
and we have had them in former years 
displayed in the bird -house at the zoo. 
In its native home in Mexico the thick- 
billed parrot ranges in forests of pines 
and oaks in the same areas as the im- 
perial woodpecker, a wonderful bird as 
large as a crow. These two species have 
a curious relation to one another, as the 
parrot uses the old nesting holes of the 
woodpecker, cut in the trunks of trees, as 
a home for its own family where it may 
rear its young in snug protection from 
the elements. 

In connection with the thick-billed 
parrot it may be noted that they have 
been long known in captivity. Mr. Neil 
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M. Judd, of the National Museum, who 
for five years has had charge of the work 
of excavation of the ancient Indian vil- 
lage site at Pueblo Bonito, New Mexico, 
has found there bones of many birds. 
Among these I have identified bones of 
the thick-billed parrot, together with the 
military macaw, the red, blue and yellow 
macaw, and the white-fronted parrot of 
Mexico. We suppose that these birds 
were brought from the south through 
channels of trade and barter among the 
Indians. 

Many Indians cat the flesh of parrots 
regularly and when in camp where meat 
was scarce I have on various occasions 
eaten them my.self and have found them 


as palatable as pigeons. Cooked with 
rice, their bodies formed the basis of 
many a dinner. They were considered 
a great table delicacy in the days of the 
Roman Empire, and it is said that one 
Roman Emperor imported parrots to 
feed to his captive lions. 

Though similar in general appearance 
parrots vaiy greatly in size, from little 
love-birds, smaller than a sparrow, to 
giant macaws three feet long with huge 
bills as large as tea-cups. Their habits 
vary as widely. Much time might be 
consumed in relating strange traits, but 
with this brief review I must conclude 
my account. 



HUNTING BIGHORN WITH A CAMERA 


Bjr DR. VERNON KELLOGG 

NAflOKAL RESEARCH COUNCIL 


The Rocky Mountain sheep, or big- 
horn, is one of the most extraordinary 
and interesting of American animals. 
It is not limited to the Rocky Mountains, 
but varieties of it are found also in the 
Sierra Nevada and in the mountains of 
Alaska and Mexico. In earlier years it 
was a great favorite of big-game hunters 
but is now protected by game laws. 

As a boy interested in natural hi.story 
I had read all that I could find written 
about the bighorn. Kspecially had 1 
soaked up all the stories about its won- 
derful surefootedness, its marvelous 
speed over rough rocks, and, most thrill- 
ing of all, its alleged habit, when closely 
pressed, of leaping headfirst over high 
sheer precipices and landing on its great 
strong curved horns. Of course, only 
the males, and the old males at that, 
have the big horns, so that the ewes and 
young would not be able to follow the 
head of the family in this wild leap for 
liberty. Rather .selfish of father, it 
would seem, to desert the family this 
way. But he had this good excuse. The 
hunter was really after father and that 
pair of big horns for a trophy, and was 
likely to let mother and the kids alone — 
unless, unfortunately, he was hunting 
for meat and not glory. 

When I got to college and began to 
study natural history seriou.sly I still 
remembered the stories about the big- 
horn, and kept an eye out for a chance 
to get to Colorado and into the Rockies 
to see the.se interesting animals in their 
rocky fastnesses far up among the great 
peaks. Also, as I lived in Kansas, 
which, whatever else it has in the way 
of scenery — and that isn’t much — ^has no 


mountains at all, I wanted to see moun- 
tains, high mountains and deep canyons, 
with great silent forests of spruce and 
pine and swift clear mountain streams 
with trout in them. I wanted to camp 
and climb and see bear and elk and deer 
— and bighorn. 

So five or .six of us college mates fig- 
ured out very carefully what it would 
cost to spend a summer in the Colorado 
Rockies. We had to figure carefully, for 
we were all poor, and our families 
thought they were doing enough to sup- 
port us in college without grub-staking 
us for an expedition after bear and big- 
horn in Colorado. We decided that we 
could live chiefly on flapjacks, trout, 
bear-meat and wild red raspberries, of 
which menu only the flapjacks would 
cost us anything. The rest of the food 
we would find in the mountains. We 
would do our traveling on foot, after 
once getting to Colorado, with perhaps a 
burro or two to help carry our i)acks. In 
addition to our guns and trout rods we 
would take cameras, and I, at least, reg- 
istered a solemn vow that I .should hunt 
bighorn, if not with a gun, which was 
prohibited by law, at atiy rate with a 
camera. And I may say right now, 
based on considerable experience, that 
hunting wild animals with a camera is 
no less exciting than hunting them with 
a rifle, and requires not less, but more, 
skill and persistence. 

Our little group of Kansas college 
freshmen was composed of chaps who 
had some stuff in them. There was Fred 
Funston, who later fought in the Philip- 
pines, captured Aguinaldo and became a 
major-general in the U. S. Aimy; Her- 
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bcrt Hadley, who became governor of 
Missouri, and ^ only narrowly missed 
being nominate for president by the 
Progressive Republican party in the 
days of Roosevelt ; William Allen White, 
now a well-known editor, author and 
publicist ; and two brothers, named 
Franklin, one of whom has become an 
eminent chemist and the other as emi- 
nent a mathematician and physicist. 
But at the time of our trip after bighorn 
we were all as green as Kansas corn in a 
good summer, and perfect tenderfeet as 
far as camping, climbing mountains and 
hunting big game were concerned. 

But I must get along to the bighorn. 
We made headquarters camp in a beauti- 
ful little, high-level, glacial valley in the 
Front Range of the Colorado Rockies, 
and started our climbing by getting to 
the top of Long’s Peak, 14,255 feet in 
altitude, and one of the highest, most 
difficult and dangerous of the Colorado 
peaks. After that we did all the other 
peaks in the vicinity. It was great sport 
— and always with the tang in it of a lit- 
tle danger. Punston and ' I once got 
caught in a violent snowstorm on top of 
an especially rough peak. The snow 
changed to sleet while we were out in the 
middle of a great snowficld which lay at 
a steep angle on the mountain flank and 
simply had to be crossed in order to get 
down to timberline from the summit. 
The surface of the field became like ice, 
and we could only move over it by break- 
ing through the crust for each footstep. 
It was very dangerous going, for once 
started on a slide we couldn’t possibly 
have stopped until we got to the bottom 
of the field, which was at least a thou- 
sand feet below, and margined by a ram- 
part of rock against which we would 
have dashed at terrific speed. But we 
made a special point of not slipping — 
and didn’t! 

After we had cleaned up all the near- 
by mountains, in the course of which we 


saw many signs of bighorn — especially 
their many narrow Uttlc trails cut three 
or four inches deep along the mountain 
flanks well above timberline, but none of 
the animals themselves — we learned 
from an old hunter and trapper, who^ 
lived alone in a rough cabin not far from? 
our camp, that while the wild sheep usedi 
to be plentiful in the near-by mountains 
and still were to bo found there occa- 
sionally, more of them could be found in 
the high mountain country farther north 
toward the Wyoming line. So we packed 
up Billy the Burro to the limit of his 
capacity to carry things, put the rest of 
the camping outfit on our own backs and 
started north. We picked up trails when 
wo could find any, but mostly we just 
headed north. For much of our way we 
worked along the flank of the range 
above timberline, to which we had to 
come down at night to make our camp- 
fire for cooking and keeping warm. We 
had been told of a long extinct volcanic 
crater called Specimen Mountain to 
which the bighorn were reputed to come 
from long distances away in order to lick 
on the green and yellow beds in the 
crater bottom. This was our goal. 

On our way we started up a rather 
small boar and chased it into a hole in a 
great rock pile. How to get it out? 
After sitting around the hole for a while, 
without working out a satisfactory way, 
Funslon finally suggested this interest- 
ing plan. He volunteered to crawl into 
the hole and stir up the bear, which 
would presumably get angry and chase 
him out. The rest of us were to stand by 
the side of the hole and shoot at the 
second object to come out; the first one 
Funston fondly expected would be him- 
self. This plan seemed reasonable, but 
on careful consideration we vetoed it; 
there seemed to be just a chance that 
nothing at all might come out of the hole, 
not even the future capturer of Agui- 
naldo himself. 
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Finally we arrived near Specimen 
Mountain and established camp in a 
beautiful high level pass only a little be- 
low timberline. This pass was really 
part of the Continental Divide, for the 
water which flowed down from one side 
of it was carried into the North Platte, 
thence into the Missouri, the Mississippi 
and finally into the Gulf of Mexico, while 
the water from the other side, only a 
hundred yards away, flowed into the 
Grand River and thence by the Colorado 
River into the Gulf of Lower California. 
There was plenty of water and firewood, 
and by scrambling down a thousand feet 
to the Grand we could get all the trout 
we could eat. It was a fine camp. We 
were now ready for bighorn. 

Excitement soon came, although at 
first not from bighorn. One of the boys 
had left camp with a shotgun soon after 
we had got things in order, a cooking 
place fixed up with stones, level places 
found on which to spread out our bed 
blankets, and our flapjack flour, sugar 
and salt under cover of a rubber poncho. 
The hunter had gone forth to try to find 
a blue grouse or two for supper. His 
shotgun sheUs were loaded with large 
birdshot. Just at dusk he came back 
madly running and calling for help. 

It seemed that in his wandering he 
had discovered a little bear cub, and, like 
the proper tenderfoot that he was, had 
sent a load of birdshot at it. The cub 
was not much hurt, but enough to stimu- 
late it to a loud squealing which had 
brought an angry mother bear to the 
rescue. There was nothing for the brave 
hunter to do but to start for camp with 
all possible speed, which he did, without 
hesitation and with no glances backward. 
One sight of mother bear had been 
enough. It was, according to the hunter, 
probably the largest grizdy bear that 
had ever existed in the Colorado Rock- 
ies ! Fortunately for our indiscreet 
hunter — ^and for us — ^mother bear did 


not follow him to camp, but turned back 
to her cub. 

And now came the bighorn. Literally 
that. For as wo busied ourselves with 
cooking supper, and further fixing up of 
camp, we were startled by a sudden noise 
and looking up were more startled to see 
half a dozen bighorn charging down the 
mountain slope just behind us and di- 
rectly toward us. They dashed right 
through our camp, swerving only a few 
yards to one side as they saw us and our 
little fire. It was breath-taking. 

We found next morning that we had 
chosen for camp site a spot over which a 
number of bighorn trails ran from Speci- 
men Mountain on the north down the 
slope across the little meadow on the pass 
and up the next mountain of the range 
to the south. So rarely visited was this 
region that the bighorn, with all their 
wariness, were not sufficiently startled 
by our presence to leave their regular 
trail by more than a few yards. How- 
ever, no more such surprising visits 
occurred. 

Next morning we set out and up on a 
reconnaissance and found that above 
timberline, which was only a few hun- 
dred feet higher than our camp, the 
steep slope of the old volcano was smooth 
and easy to climb. It led us directly up 
to the rim which ran evenly and almost 
completely around the great crater. 
Thus we could easily walk all around the 
crater, keeping just low enough below 
the rim on the outside to prevent any 
animals within the crater from seeing us. 
But it was easy for us to see the inside 
of the whole crater by merely crawling 
carefully up to the rim, and lifting our 
heads slowly up high enough for us to 
peer over the crater’s edge. 

The inside of the crater presented a 
remarkable sight. The bottom and walls 
were composed of old ashes and scoriae 
with some cliffs of shining basalt and 
numerous upstanding castles and pin- 
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nacles of braccia or volcanic conglomer- 
ate. Some of these stood up fifty or sixty 
feet from the fioor or side walls of the 
crater and were twenty or tliirty feet 
wide. 

As we cautiously looked over the rim 
we were gratified to see a group of big- 
horn resting quietly on a sort of basalt 
platform jutting out from the crater 
wall. Two or three were lying down, 
two or three more were moving slowly 
about, while on a higher part of the plat- 
form was a fine old male with tremen- 
dous curved horns, standing rigid and 
alert, evidently the lookout for the band. 
We watehed them admiringly for a few 
moments, when unluckily one of ns, in 
trying to change position, pushed over 
the rim a loose stone which bounded 
down the inside of the crater. 

Like a flash every sheep was on its 
feet and on the qui vive. Because we 
kept perfectly motionless, the big look- 
out could not bo sure, for a moment, 
where we were, but taking his cue from 
the direction of the bounding stone he 
started up the precipitous side of the 
crater away from us, followed closely by 
all the others. It was a beautiful sight ; 
their ease and confidence in swiftly get- 
ting over the rough steep going was im- 
pressive. In a few moments they were 
out of the crater, and, heading north 
along the mountain’s upper flanks, they 
soon dLsappeared from our view. But 
we had seen bighorn close at hand, 
although too far for photographing, and 
felt that their fright had not been great. 
They would come back. 

After they had gone, and we could 
stand up and move around the rim and 
survey the whole of the crater, I worked 
out a plan which I felt sure would result, 
if everything went according to plan, in 
getting some bighorn close-ups. 

The plan was very simple and was sug- 
gested by the two facts, first, that one 
could move all around the rim, out of 


sight, and then come into sight wherever 
desirable, and second, that the great 
breccia castles ought to give one suffi- 
cient protection from being seen to allow 
one to work down into the crater, keep- 
ing one of these castles between one and 
any band of sheep that might be any- 
where in the crater. Of course the wind 
would also have to be right — that is, 
blowing from the bighorn toward the 
stalker and not from the stalker toward 
the bighorn. They have a perfect sense 
of smell. 

So the next day we all went up to- 
gether again and, on peering over the 
rim, were wildly excited to see a band of 
nearly thirty bighorn in the very bottom 
of the crater. Almost between them and 
us towered a great breccia castle. The 
wind was just right to allow me to try to 
get down the crater wall behind the 
castle. 

I began a hard and wearisome descent 
of nearly two hours, slowly crawling over 
sharp bits of basalt, rough blocks of con- 
glomerate and beds of old ashes, keeping 
always that protecting breccia castle be- 
tween the animals and me. 

I finally got down to the base of the 
castle. This was as far as I could go. I 
was within a hundred yards of the band 
of bighorn, which had all fortunately 
kept close together. Behind the castle I 
waved a handkerchief to my carefully 
watching companions on the rim above, 
who immediately set off below the rim 
on the outside to a point just opposite 
where I had gone down. They were to 
scatter a little there, and then all to show 
themselves at once on the rim to frighten 
the sheep towards me. 

It worked. I was ready with camera 
already pointed to that side of the castle 
which seemed the most likely to be chosen 
by the sheep in their flight. 

I heard a clattering of hoofs and rocks. 
The noise grew louder. My companions 
added violent yells to be sure that I 
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knew the sheep were coming. I did 
know it. I couldn't help knowing it. I 
was growing violently excited. I held 
the camera at a ready angle. And then 
that magnificent band, led by two 
superbly-horned old males, dashed 
around the side of the castle, bearing 
directly toward me. I thought they 
would run over me. But they didn't. 
They swerved slightly and there they 
were, all lined up, broadside on, only 
twenty yards away. It was a picture 
made to order. 


But, alas, it was too exciting. I had 
a bad case of buck fever. My hands 
jumped as the sheep did. I couldn't 
hold the camera still. It was no use. 
But I did manage to press the bulb. 

That negative when developed and 
printed from yielded a picture of big- 
horn at close range. But every sheep in 
it is a blurred something with a dozen 
legs. No naturalist would recognize the 
animals on it. He would think they 
were centipedes. But I recognize them. 
It is my prize picture. 



THE PROGRESS OF PUBLIC HEALTH IN CHINA 
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A FEW months ago I was asked to vac- 
cinate several hundred children against 
smallpox in a largo but old-fashioned 
public workhouse located in a provincial 
capital of China. While there I saw a 
small beggar boy with badly infected 
eyes and cheeks stained a bright red 
color. He had been treated in a local 
mission hospital with a new germicide 
specially useful in such cases and by the 
aid of which his vision was saved. Less 
than five years before, the discovery of 
this special drug had been announced 
at a research institute on the other side 
of the globe from China and after pro- 
longed study of this and related chemi- 
cals. In this short period of time its 
use had not only spread across the in- 
tervening miles of land and water and 
across national and racial barriers, but 
it had been made available to him, a 
penniless and homeless lad, through the 
aid of well -placed philanthropy. 

This incident epitomizes to me some 
of the progress that scientific medicine 
and public health have made in China. 
It is not yet general over China, nor is 
the movement yet sufficiently indige- 
nous, yet the growth in sentiment is a 
real thing. 

A true perspective in the development 
of public health is indeed difficult of 
attainment in this day and age. It 
would be difficult to devise a method for 
getting a true perspective better than 
that open to the student of public health 
who lives in China and sees there the at- 
titudes and methods which were a part 
of the lives of our o*wn ancestors. One 
comes to a fresh appreciation of the 
heritage that is ours in this favored 
land. China’s present slight regard for 
matters of public health may be com- 


pared to that of the makers of our own 
Constitution. It never occurred to these 
American fathers to include provisions 
for the federal control of health work, 
provisions which are now a part of all 
modern constitutions, and we should not 
be too hasty in requiring attention to 
these facts from the Chinese. 

There is a well-known Chinese classi- 
cal book on disease, the Shang Han Lun, 
written at about the beginning of the 
Christian era, and a book still commonly 
bought and read for its supposed value 
in treatment of diseases of to-day. This 
book is venerated because it is old and 
tried. It is not possessed of our much- 
admired newness or scientific accuracy. 
It is built on the classical and empirical 
methods of the old physicians. Between 
this book and a modern treatise on scien- 
tific medicine there is a gap scarcely to 
be bridged by one generation of Chi- 
nese, but the progress along this road is 
promising and apparent as well to one 
who has lived among the Chinese people. 

It would seem appropriate to speak 
at this point of the much-quoted custom 
among Chinese of paying the doctor to 
keep the patient well and not paying 
him when the patient becomes ill. It 
would be interesting to know the origin 
of this report, for diligent search in 
China does not reveal any knowledge 
of the practice among the Chinese and 
nowhere is there evidence that the Chi- 
nese physicians have emphasized preven- 
tion of disease at all. 

In enumerating those .igencies which 
are promoting the public health in 
China to-day we may mention certain 
official bureaus of the government, such 
as the Manchurian plague prevention 
bureau and the epidemic prevention 
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bureau in Peking. Both of these agen- 
cies have grown o-ut of the effort made 
in 1911 to stem the tide of pneumonic 
plague that threatened all central Asia, 
and at present they are making some 
progress, though the present areas where 
plague is endemic are left out of ac- 
count. Sera and vaccines are now being 
produced in Peking under good auspices 
and a healthy growth has characterized 
the past few years. The national code 
of laws of the republic has some pro- 
visions for control of medical practise, 
but these are purely nominal at the 
present time and can not be said to do 
any good. Several Chinese cities have 
police health officers, so called, but these 
men almost without exception have not 
contributed anything, for they are un- 
trained and ignorant of the best meth- 
ods. One progressive city recently ap- 
pointed a first-class, western-trained Chi- 
nese physician as health officer, but the 
political situation was such that his 
tenure of oflSce was short and his work 
fruitless. And this is about all we can 
say for the oflScial agencies. 

There are some voluntary agencies 
which are promoting the public health, 
like the few good medical schools, a 
number of hospitals, which are becom- 
ing centers for the propagation of health 
ideas, and a modem health center in 
Peking. This latter is nominally main- 
tained by the government and is a splen- 
did experiment in adapting the preven- 
tive idea to China’s needs. There is a 
Council on Health Education in Shang- 
hai and there has been a Committee of 
the China Medical Association, both of 
which have aided the translation of 
scientific material on hygiene as well as 
the preparation of health propaganda 
material. 

Tn connection with these voluntary 
agencies there may be noted several ac- 
tive health associations in the larger 
cities, some of which have paper pro- 
grams as diversified as one of our west- 
ern cities would have. There have been 


some interesting studies made in sew- 
age disposal methods, in the distribution 
and control of hookworm disease, on 
schistosomiasis, on kala azar and in the 
development of useful drugs from the 
old Chinese pharmacopoeia. Advances 
in school and community hygiene, in 
educational hygiene and in health propa- 
ganda work of several sorts have been 
made by the Council on Health Educa- 
tion. 

Famine and poor relief are not pub- 
lic health measures in the United States, 
but in China they are necessary direc- 
tions of effort which take precedence 
over more refined measures for com- 
batting the force of mortality. Of par- 
ticular interest is a movement in Hunan 
Province which has sought to greatly 
improve the existing public measures 
for poor relief. Through the enlight- 
ened interest of one Chinese gentleman, 
methods have been so changed as to meet 
this problem in a fairly satisfactory way 
and his idea is being copied widely. The 
relief of poverty is indeed the keystone 
in the arch of public health. 

To enumerate the contemporary agen- 
cies which are defeating the aim of pub- 
lic health will require a longer list. 
Most people would place governmental 
instability at the top of the list. To 
this must be added the militarism every- 
where found, with its associated brigand- 
age, wars, disorders, poverty, famine and 
the opium evil. The margin between 
the supply and the demand for food is 
very narrow and the actual famines 
which result from drought and floods 
are frequent and severe. The associated 
typhus and relapsing fevers and other 
pestilences that go with famine take 
their large toll of life. 

The newer developments of industry 
in the large centers are bringing in labor- 
ers from the country who often have to 
live under deplorable conditions of sani- 
tation. Hours of work are very long 
and work every day in the week is the 
rule. Child labor and the labor of 
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women are widely exploited. The na- 
tion is being pauperized in those ele- 
ments of physical and mental well-being 
so essential to-day in the young and in 
women, who are the centers of family 
life. There is a total absence of mari- 
time or border quarantine which con- 
ceivably might prevent the importation 
of exotic disease, and no semblance of a 
national census, which is such an essen- 
tial link in any public health organiza- 
tion. The scarcity of hospitals of all 
kinds and the almost complete absence 
of tuberculosis sanatoria is a serious ob- 
stacle for both the present and the near 
future. 

But perhaps the most significant of 
all obstacles is the inertia that comes 
from the firm adherence of these hun- 
dreds of millions of people to traditions 
which have been their heritage through 
thousands of years. These traditions in 
their time have been elements of great 
strength and have provided a racial soli- 
darity that is scarcely matched in human 
annals. But the dependence of the 
masses on worthless measures for the 
preservation of health, the wide preva- 
lence of ideas of disease which are de- 
moniacal or worse, veneration of the old 
because it is old ratlier than because it 
is good, general distrust of the new be- 
cause it is new, failure to understand or 
to profit by the scientific method, adher- 
ence to outworn usages and a fatal 
tendency to laissez-faire — these are the 
real obstacles to public health progress 
in China to-day. 

Thus frankly stating the favorable 
and the unfavorable elements in the 
situation, just as we would wish Chinese 
to do in appraising our own conditions, 
we can see that ultimate success for pub- 
lic health will depend on adjustments in 
intellectual matters, on changes in gov- 
ernmental method, in commercial adap- 
tations, in educational •advancement and 
on changes in countless other aspects of 
human life. The very complexity of the 
situation challenges the interest of those 


who feel that the welfare of the whole 
race demands the welfare of China. 

While it is true to say that govern- 
mental instability stands at the top of 
the causes which operate against public 
health, the more significant force is still 
the underlying continuity of the great 
stream of human life in the Middle 
Kingdom. Life in China goes on day 
by day and year by year largely un- 
affected by transient military and polit- 
ical conditions which would be serious 
complications in our life here. I found 
this true when I lived in a city of cen- 
tral China which was besieged for six 
weeks. During this time the city fre- 
quently changed hands and was in the 
zone of almost constant fighting. Yet 
the current of daily life was not seri- 
ously disturbed. Schools, colleges and 
business went on largely uninfluenced by 
the fact that shots and shells were flying 
overhead most of the time. The people 
took practically no interest in the strug- 
gle except enough to keep them from 
being involved in the difficulties. So 
to attain a true insight into the possi- 
bilities for public health in China we 
must to a certain extent overlook the 
surface disturbances of government that 
overhang most of these members of the 
yellow race and focus our attention on 
the broad current of human life which 
goes on under the surface storms and 
which so much needs improvement in 
healthful ways of living. 

There is a different background for 
public health sentiment in the Chinese 
race and in our western make-up. Chi- 
nese do not spontaneously resent inroads 
on personal liberty as we all do here. 
Anti-vaccination sentiment is hard to 
raise among Chinese, particularly among 
people who depend directly on the life- 
preserving quality of vaccination. To- 
ward certain racial poisons they have 
very different attitudes from ours. The 
overuse of alcohol is not common in 
China, even though unlimited access to 
alcohol is afforded to every one. Indul- 
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gence in opium, on the other hand, is 
more easily acquired by the Chinese 
race than by some other races. The 
whole background of sewage disposal in 
west and east is utterly different. Here 
sewage accumulations are a liability to 
the individual, who pays either directly 
or indirectly for their removal and de- 
struction and who pays generously for 
methods which permanently remove this 
material from sight and smell. In 
China, on the other hand, the accumu- 
lation of excreta is an asset to the house- 
holder, who expects to receive payment 
for it, expects it to be used for fertiliz- 
ing purposes and who is not seriously 
distressed by the sight or odor connected 
with the process of removal. If then 
we expect China to install water-car- 
riage disposal of its sewage on the same 
plan as American cities, we do not count 
on very significant differences in the 
western and the Chinese situation. 

There are also racial susceptibilities 
worth pointing out. Chinese who live 
where vital statistics are kept are known 
to suffer from respiratory and circula- 
tory diseases more frequently than the 
Caucasian race. Thus in 1921 in the 
United States the comparative rates were 
as follows: 

Chineso in 


Death-rates from all 

U. S. A. 

Caucasians 

causes (per 1,000) 
Tuberculosis (per 100,- 

24,47 

11.20 

000) 

526,3 

85.3 

Circulatory diseases 

832.8 

182.0 

Respiratory diseases - 

238.8 

102.8 


While these figures may be subject to 
slight correction for differences in age 
distribution, the facts in the main are 
as indicated. Chinese very rarely have 
certain of the metabolic disorders, like 
diabetes, and it is believed that they 
have a racial immunity to diphtheria of 
relatively high degree, as do certain 
other races with pigmented skin. Chi- 
nese live on a lower level of blood pres- 
sure than we and rarely suffer from 


hypertension. They have a lower level 
of basal metabolism which may be as- 
sociated with their easier way of life. 

Thus there are known physiological 
differences which tend to alter disease 
prevalence and the methods of control 
must therefore be properly adjusted. 
These very differences between us and 
the Chinese may easily prove to be keys 
for the better understanding of some of 
our own chronic diseases. With the 
mention of these differences in back- 
ground and method it is clear that in 
China there is the same public health 
goal to be achieved, but the successful 
approach to that goal will be different 
in some respects from that here. 

One might speak indefinitely of the 
numerous differences between aspects of 
life in China and the west. After all, 
these differences are more apparent than 
real and more superficial than funda- 
mental. 

Two men in middle life, fathers of 
families, die from typhoid fever, one in 
China and one in America. At the 
funeral in China the mourning color 
throughout is white, while here it is 
black. The hearse is bright red there 
and black here. The music — there could 
scarcely be any greater difference be- 
tween the music played at the Chinese 
funeral and that used here. Firecrack- 
ers will mark the occasion there while 
prayers will be said here — every aspect 
of the occasion will be marked by dif- 
ferences equally as great as those men- 
tioned. Yet, beneath the ceremonies 
there and here is the same overwhelm- 
ing grief to the wife and family, the 
same loss of educational and economic 
values to the community, the same dan- 
gers to those who have been associated 
with this perilous infection and the 
same preventable disease is responsible. 
There are no differences in the parasite 
that killed the two men; it enters and 
leaves the body in just the same ways, 
it spreads through similar channels, it 
damages the constitution of Chinese and 
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American in exactly the same fashion. 
The outward aspects of the two are very 
different. Looking more deeply we see 
their essential similarity and we realize 
that, when all is said, the resemblances 
of the two incidents are greater than the 
differences. Human nature and disease 
are much the same the world over: ‘‘The 
Colonel's lady and Judy 0 'Grady are 
sisters under their skin." 

We might set down some of the dis- 
eases which are specially prevalent in 
China and which the rest of the world 
can well do without: plague, both bu- 
bonic and pneumonic; schistosomiasis; 
kala azar ; clonorchiasis ; relapsing fever ; 
typhus fever; cholera; rinderpest; foot 
and mouth disease ; severe smallpox ; 
sprue ; amoebiasis ; leprosy and beriberi. 

To miike the list fair we should add 
certain of the diseases of the rest of the 
world which China does not have as we 
do and which she can well do with- 
out : yellow fever ; Rocky Mountain 
spotted fever; poliomyelitis; pneumo- 
coccus pneumonia; pellagra; tularemia; 
dengue; trypanosomiasis, and we have 
already mentioned the rarity of such 
conditions as diabetes and high blood 
pressure. 

It has often been stated that China is 
the ancient home of diseases like plague, 
cholera and influenza, which at certain 
times have spread to the rest of the 
world. The 1894 plague outbreak, the 
immediate precursor of the present pan- 
demic of plague, did first come to notice 
in China. But usually it has been our 
ignorance of the real source of epidemics 
which has led us to assign their origin 
to those parts of the world where the 
prevalence of disease is least understood. 
There is, however, sound justification for 
the modem effort to track disease down 
to the places where it smoulders and, 
until China's health is made secure, the 
health of the rest of the world is in peril 
from China. 

China can not be said at the moment 
to be progressive in directions which im- 


prove public health. One ought to note 
certain encouraging elements in the 
situation which portend a better day. 

There is being created now in China a 
small but very influential body of well- 
trained physicians who are acquiring the 
idea of prevention along with other con- 
cepts of modern medicine. In this 
nucleus is the great promise of the fu- 
ture. These are the men who, with the 
facts of science, must make the adapta- 
tions of these facts to life in China and 
we must allow them freedom in adjust- 
ing these methods to conditions as they 
find them. 

Among these Chinese medical men 
there are some to whom the preventive 
idea just naturally appeals. President 
Vincent has pointed out that this same 
thing is increasingly true in the United 
States. These peculiar men love to deal 
with humanity in the large; disease as 
a mass phenomenon appeals to them tre- 
mendously ; they like social problems in- 
volving cities, provinces and nations; 
these men someway prefer a salary 
rather than the uncertain collections of 
private practice, and some of them have 
faced the difficult decision and have 
chosen the laboratory instead of the 
limousine — or we might say, have chosen 
the ricksha instead of the automobile. 
Foolish as it may seem, these men simply 
can't be kept from doing this type of 
public service, for they are endowed 
with sufficient imagination to see that 
there are significant values in prevent- 
ing disease and death, even if they can 
not tell the names of those whose lives 
and health have been saved, a difficulty 
inherent in preventive work as against 
curative medicine. 

To a large extent, the problem of pub- 
lic health in China is bound up with the 
application of known facts to human 
life. It is not primarily abstract re- 
search that is needed, but the study of 
social applications of the facts already 
known and it is reasonable to anticipate 
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large returns on investments in this di- 
rection. 

There has been a decided improvement 
in the recognition accorded to scientific 
medicine in some of the areas longest 
open to modem medicine, now nearly a 
hundred years. One city has about 350 
physicians trained in modem methods 
who are being accepted by the commun- 
ity in generous fashion. In other cen- 
ters the need is to create an understand- 
ing of and a demand for scientific medi- 
cine. In a few of the larger cities there 
have been ventures in the direction of 
medical education, public health centers 
and campaigns for health on the part of 
the government, which are encouraging 
indications of a growing community in- 
terest. There has been progress in the 
recognition of the fact that gifts from 
wealthy individuals can play a part in 
public welfare. Chinese have not yet 
learned to give to institutions that pro- 
mote the public welfare, but at least one 
Chinese merchant has endowed a uni- 
versity with a princely sum and a medi- 
cal department will be opened here in 
the near future. 

One hopeful line of research is that 
which seeks to find values in the drags 
of the old Chinese school. These old 
physicians used such drugs as arsenic, 
mercury, the common cathartics and an- 
thelmintics in blind fashion. Here is a 
mass of useless chaff and some grain 
and already out of this study has come 
one drag, ephedrine, and there are very 
likely other similar values waiting to be 
found. 

Perhaps the most encouraging feature 
of all to-day is the rising tide of nation- 
alism which has come to the front so 
strongly in the past few months. The 
outbursts of feeling which have occurred 
recently have frequently flared out 
against grievances both real and imagi- 
nary and the present accounting shows 
that some of the Chinese have not been 


too discriminating in their attacks on 
what has come to China from the west. 
But the Chinese are in the end a very 
sensible people who can not fail to recog- 
nize real worth when it is properly pre- 
sented to them and we can hope that 
they will soon attain an insight which 
will allow them to preserve the best ele- 
ments of that which the west offers 
China. No true friend of China can de- 
plore the rise of this spirit of national 
pride, however much he may regret cer- 
tain directions in which the fire has 
burned beyond reasonable bounds. It 
is this same spirit which will save China, 
and national pride will be a strong ele- 
ment in promoting public health reform. 
In her potentialities China is great and 
in these possibilities we can find hope 
for the future. 

There was never a time in history 
when there was so great a disparity of 
knowledge and attainment in hygiene 
on the part of contemporary peoples as 
to-day between the east and the west. 
There is, therefore, an unprecedented 
opportunity which gives added point to 
the effort that is being made for the 
benefit of China, an effort that has as- 
sumed large proportions. In this time 
when so much can be accomplished by 
the application of the facts of science to 
human life, it is highly desirable that 
the aid to those agencies which are pro- 
moting the welfare of a quarter of the 
human race should be generous and sus- 
tained. The work has a self-propagat- 
ing quality because of the reproductive 
capacity of the future leaders now 
chosen for training and the opportunity 
for unselfish investment of both person- 
ality and power in the form of money 
is very great just now. 

To the end that in China as here 

Health may be more perfect, 

Life more vigorous, 

Disease less frequent, 

Decay less rapid 
And death more remote. 



POLITICS AND THE PUBLIC HEALTH 


By JAMES A. TOBEY 

WASHINGTON, D. C. 


The chief problem of modem public 
health administration in this country is 
one of personnel. In spite of the fact 
that this branch of public service offers 
many fascinating opportunities for con- 
structive effort, it seems impossible to 
secure an adequate supply of properly 
trained sanitarians. Medical students, 
sanitary engineers and other persons 
presumably well grounded in the funda- 
mental principles underlying sanitary 
science hesitate to make public health a 
career. As reasons for their reticence 
they cite the inadequacy of the compen- 
sation, the insecurity of tenure and the 
fact that partisan politics frequently 
tends to retard real scientific progress. 

For these criticisms there is, unfortu- 
nately, some justification. It is true 
that a competent and successful physi- 
cian can earn more from the practice of 
medicine than he could ever hoi)c to 
draw in salary as a health official. On 
the other hand, there arc some advan- 
tages in the career of the successful sani- 
tarian. His regimen of life can be much 
more regular than that of the doctor of 
curative medicine, his income is fixed 
and more or less certain, and his accom- 
plishments are, or should be, more satis- 
fying, for the results of his efforts are 
measured not by the relief, but by the 
prevention of disease. Public health 
means the highest type of public service. 
The administration of it needs, there- 
fore, the finest kind of practitioner 
obtainable. 

Public health is to-day a definite and 
distinct science and those who practice 
in this field are members of an actual 
profession, a new one, perhaps, but a 


real one, nevertheless. It is not a 
branch of medicine, though physicians 
like to look upon it as such. Nor is it a 
subdivision of sociology, though social 
workers make that claim. Neither is it 
a matter of engineering, though civil and 
sanitary engineers would have us so be- 
lieve. It is no one of these but a com- 
bination of all of them and of some other 
branches of scientific knowledge. Pub- 
lic health draws upon preventive medi- 
cine, sanitary engineering, chemistry, 
sociology, economics, statistics, educa- 
tion, law and psychology for its com- 
ponent parts. This may seem fairly 
broad in its ramifications, but, while 
complex, it is no supcrscience. It is, to 
be sure, no field for the dilettante, but 
the sanitarian is not required to be a 
superman. Train the health worker 
properly and free him from the inhibi- 
tions of politics and he will, as a rule, 
produce results. 

Public health, then, is the science and 
art of disease prevention, health pro- 
motion and life prolongation. It deals 
with man and his environment, both of 
which arc controllable matters. It is 
based on experience, the accumulated 
wisdom of a science which has gradually 
developed from the foundation laid by 
the great Pasteur in the latter part of 
the nineteenth century. It has many 
positive achievements to its credit, 
though a few pseudo-scientists who have 
a sort of nodding acquaintance with 
public health sometimes scoff at these 
accomplishments and attribute the ad- 
mitted improvement in national vitality 
entirely to the biological phenomenon 
of natural selection. The sanitarian, be- 
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ing more liberal, concedes that heredi- 
tary influences have played their part, 
but points to the mass of evidence which 
demonstrates the irrefutable significance 
of environment on salubrity, public and 
personal, and he therefore feels justified 
in demanding his proper share of the 
credit for lengthening the span of life. 

As an instance of the control of the 
environment, typhoid fever presents a 
striking example. At the end of the 
nineteenth century this disease was often 
epidemic and as late as 1911 was taking 
an annual toll in this country of about 
twenty-one deaths per 100,000 popula- 
tion. The sanitary engineer was not 
only the epidemiologist who demon- 
strated the mode of infection, but also 
the eradicator of the disease who built 
proper sewage disposal plants and con- 
structed devices to produce and main- 
tain pure and potable water supplies. 
Thus, to-day the death-rate from typhoid 
fever has been reduced by two thirds, to 
less than six per 100,000. The sanitary 
engineer has done the same service with 
the mosquito-borne diseases, malaria and 
yellow fever, and has likewise almost 
banished hookworm from North Amer- 
ica. The laboratory worker has devel- 
oped methods of immunization against 
diphtheria and, recently, scarlet fever, 
so that to-day no one will die of these 
diseases, unless so utterly deluded as to 
let a chiropractor try to treat them. 
Tuberculosis is, perhaps, the most re- 
markable example of the conquest of 
communicable disease, because twenty 
years has seen its mortality more than 
cut in half, from nearly two hundred 
in 1900 to about ninety in 1922. Many 
factors, economic as well as sanitary, 
have undoubtedly contributed to this 
result, but no small part is due to the 
efforts of the expert public health 
worker. 

All in all man seems to be getting the 
best of the microbe. His achievement is, 
moreover, measured by his skill. This is 


shown by the fact that conditions vary 
widely in different parts of the country. 
The biologist may endeavor sardonically 
to explain this by variations of race, of 
climate or of anything but sanitation. 
His explanations do not hold good in 
the face of the facts, however. When 
Berkeley, California, can have an infant 
mortality rate in 1921 of thirty-nine 
deaths under one year of age per one 
thousand live births, while Fall River 
in the great states-rights-frenzied Com- 
monwealth of Massachusetts has a rate 
of 114, something other than heredity is 
to blame, especially when it is considered 
that New Bedford, a municipality quite 
similar to Pall River, has a rate nine- 
teen points below the latter’s 114. 
When Minneapolis can attain an infant 
mortality of fifty-six and certain other 
cities of similar size do not, again the 
guilt must fall not on natural selection, 
or its failure, but on environmental con- 
ditions, which are controllable. New 
York, a conglomeration of diverse na- 
tionalities and racial strains, reduced its 
infant death-rate from one hundred and 
forty -four in 1908 to eighty-five in 1920. 

The factors over which sanitarians 
have not had so much control, and which 
any sensible person, except a eugenist, 
perhaps, will admit have had an effect 
on public health, comprise such matters 
as the increased economic independency 
in this country, with its concomitant im- 
provement in housing, nutrition and 
medical care; the advantages of better 
educational facilities, resulting in a more 
widespread understanding of personal 
hygiene, though, as Dr. Haven Emer- 
son has appropriately remarked, we 
know infinitely more than we use; and 
finally, perhaps, a gradual immunity to 
certain maladies, brought about by nat- 
ural selection. 

In the last analysis, however, the de- 
velopment of public health gets back to 
a question of men. The great sanita- 
rians like Qorgas and Sedgwick did great 
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things because they were the men that 
they were. Both are dead and at the 
moment there is no one in their places. 
Welch and Vaughan and Chapin, who 
have been among the leaders, have 
nearly reached the retirement stage and 
very few are in sight as yet to fill their 
places. There are only a dozen repu- 
table schools of public health in this 
country and they do not seem to entice 
vast numbers of candidates for this at- 
tractive career. In 1923 there were 
graduated from the Harvard School of 
Public Health, the School of Hygiene 
and Public Health of Johns Hopkins, 
the course in biology and public health 
of the Massachusetts Institute of Tech- 
nology, the graduate work in public 
health of the University of Michigan and 
the public health courses of the Yale 
School of Medicine, to mention the lead- 
ing institutions, just sixty -seven persons. 
The total for all schools of public health 
in 1923 was eighty. Many of the stu- 
dents in public health at Harvard and 
Johns Hopkins are induced to go there 
by scholarship grants from the Rocke- 
feller Foundation, which has endowed 
these two schools, and a large number of 
the students in both these institutions 
are foreigners who return to their own 
countries after completing their courses. 
It is estimated that there are at least 
twenty thousand positions in this coun- 
try in official or unofficial health work, 
though, of course, most of them are now 
occupied by so-called sanitarians. 

The typo of men and women in these 
positions are mostly those who have been 
trained in the school of experience, 
which is often rather good instruction. 
Sometimes, however, the training period, 
where there is no foundation, is a trifle 
detrimental to the welfare of the public. 
A recent survey made by the American 
Public Health Association showed that 
7 per cent, of the health officers of sev- 
enty-two cities having a population of 
one hundred thousand or over had re- 
ceived neither college nor professional 


training. In a list of over seven hun- 
dred city health officers, issued by the 
United States Public Health Service, 
only ten are noted as having degrees in 
public health, such as the doctor of pub- 
lic health, or the certificate of public 
health, though undoubtedly there are 
others who have been specially trained 
but are too modest to list such degrees 
as they may have received. Similar con- 
ditions of lack of positive training ob- 
tain in state and county health depart- 
ments. Of course, there are plenty of 
capable and efficient health officials who 
have been well educated in the university 
of hard knocks. There is a goodly 
number, however, who have not derived 
any particularly useful erudition along 
public health lines from this source, 
who might have been benefited by the 
proper kind of a college course in sani- 
tary science. 

So much for the lack of training. 
When the tenure of office is examined, 
it has been discovered by the United 
States Public Health Service from a re- 
cent inquiry that over one half of the 
state health officers concerning whom the 
report was made had served less than 
five years and that of the number now 
employed over forty per cent, had held 
their present positions for less than two 
years. In Texas, for instance, the state 
health officer changes so frequently that 
no sanitarian in other parts of the coun- 
try ever has the slightest idea who is the 
present incumbent. This is no sarcasm, 
but is literally true. City health officers 
are also often short-termed officials and 
frequently survive only for the duration 
of an administration and sometimes not 
that long. 

Two factors are involved in this mat- 
ter of tenure. One is the paucity of the 
average salary paid to health officers, 
the other is the baneful influence of poli- 
tics. The present orgy of economy 
which, due to the stimulating influence 
in the nation’s capital, is now sweeping 
the country, is kicking against the pricks 
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when it comes to expenditures for public 
health, for they have never in the his- 
tory of sanitary science been anything 
but extremely penurious. A study of 
the budgets of 187 American cities in 
1921 showed that the per capita expense 
for health purposes was only seventy- 
one cents. For the ‘ ‘ promotion of clean- 
liness/’ such as street cleaning, rubbish 
disposal and other similar branches of 
municipal engineering $2.50 per capita 
was spent, while $10.62 went into edu- 
cation and $2.57 for fire protection. 
Naturally, under such conditions, com- 
pensation for the official guardians of 
the public health is not lavish. Three 
years ago the Committee on Salary 
Standards of the American Public 
Health Association recommended that 
the minimum salary for a state health 
officer should be $5,000 a year, which is 
a reasonable figure for the importance 
of the duties and the preparation and 
skill required. The actual salary paid 
averaged only $4,453 for all the states. 
Economy may be a good thing, but when 
it comes to a choice of spending many 
millions for hospital and institutional 
care of the physically and mentally de- 
fective as against thousands of dollars in 
order to prevent the conditions which 
call for these relief expenditures of mil- 
lions, any person with any vestige of 
intelligence whatsoever ought to be able 
to realize that the ounce of prevention 
is worth more than the ton of cure. 

Security of tenure has, of course, two 
sides to it. Tenure should not be so 
adamantly secure that unqualified per- 
sons can remain interminably in office 
and on account of their unfitness hamper 
progress in public health work. Health 
officials should, nevertheless, be allowed 
to hold their positions as long as they 
produce beneficial results and they 
should never be subject to the caprice 
of politics. At present the insecurity 
of tenure is notorious, like the treaty 
of Alcibiades, famous because it is so 
infamous. 


‘‘The care of the public health should 
be the first duty of the statesman,” is an 
oft-repeated aphorism, attributed to Ben- 
jamin Disraeli. Other masters of state- 
craft on both sides of the Atlantic have 
unburdened themselves of similar lofty 
declarations. Prom the days of Emped- 
ocles, who is said to have been the first 
sanitarian, to the present time, the cus- 
tomary manner in which statesmen have 
cared for the public health seems to have 
been to hinder as much as possible the 
sanitarian in his humanitarian endeav- 
ors. The biography of Gorgas is an ac- 
count of a life-long struggle against 
petty and less petty annoyances placed 
in his path by pin-headed politicians, 
who had no conception of the immense 
value of his efforts, nor appreciation for 
his self-sacrificing devotion to a cause 
which played no insignificant part in 
the construction of the Panama Canal. 
Roosevelt had sense enough to back him 
up when Shonts tried to shunt Gorgas 
into obscurity and put an osteopath in 
his place, but later Goethals apparently 
never did cooperate effectively or credit 
sanitation with making possible his own 
remarkable engineering achievements. 

The manner in which various and 
sundry so-called statesmen have “cared” 
for the public health is illustrated by a 
number of illuminating incidents, all 
actual occurrences within the last few 
years. When one of the recent mayors 
of Boston was running for office some 
few years ago he pledged himself if 
elected to remove the health commis- 
sioner as his first official act. This in 
spite of the fact that this health com- 
missioner was a well-trained, capable 
administrator, who had been honored by 
his profession by having been elected to 
the presidency of the American Public 
Health Association, the professional so- 
ciety of sanitarians of North America. 
The candidate was elected and this 
health officer resigned promptly, or he 
would have been ousted just as promptly. 
Of course, his honor could argue that he 
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would accomplish more by haviug a sub- 
ordinate who was persona grata to him, 
and it is true that this mayor has subse- 
quently shown a decent interest in 
public health, but the general principle 
is wrong, nevertheless. As a contrast 
may be cited the example of Savannah, 
which some time ago asked the United 
States Public Health Service to conduct 
a competitive examination for a health 
officer, to be chosen entirely on merit. 
In the announcement of this examination 
it was stated ‘‘the position is guaranteed 
free from political interference.” 

Sometimes the health official who finds 
it expedient to change jobs when the 
administration shifts is better off in the 
long run. Recently the health officer of 
Kansas, who had effectively administered 
his department for nearly a score of 
years, was replaced when a new gover- 
nor was elected. It so happened in this 
case that his successor was a competent 
sanitarian, though that does not alter 
the evil principle. The ousted official 
was promptly deluged with offers from 
other sources where his ability was ap- 
preciated and he is now the executive 
of a national voluntary health agency, 
of which Mr. Hoover is president, at a 
much larger salary than he probably 
ever would have received from his native 
state. On the other hand, it is not al- 
ways a simple matter for a professional 
man, like a sanitarian, to step immedi- 
ately into a new position after he has 
been relieved of his emoluments in an- 
other. 

Numerous other regrettable incidents 
where politics has played havoc with the 
public health could be cited for all parts 
of the country. In Richmond, Virginia, 
a health official who had built up one 
of the best health departments in the 
country over the course of twenty years 
went out a few months ago because, as 
a caustic editorial in the American Jour- 
nal of Public Health put it, “the voters 
preferred one mayor to another.” In 


Philadelphia a competent director of 
sanitation was supplanted by a real 
estate man. These unfortunate incidents 
are luckily balanced now and then by 
more pleasant ones. The late Dr. Her- 
man M. Biggs, for many years health 
commissioner of New York, was ap- 
pointed by a governor of one political 
faith and kept in office by other gover- 
nors of various political affiliations be- 
cause he was acknowledged to be the best 
qualified man for the place. At the time 
of his death the deputy health commis- 
sioner was properly promoted to his 
place by the present broad-minded execu- 
tive of the Empire State and it is fairly 
certain that politics had no influence in 
the matter. 

North Carolina is a Democratic state, 
but it has at least one district which fre- 
quently goes Republican. On one of its 
lapses from this desirable or undesirable 
condition, depending upon one's point 
of view, it was proposed to replace the 
efficient county health officer with the 
only physician who had voted the win- 
ning Democratic ticket and who, inciden- 
tally, had no public health experience. 
The incumbent was apparently a Repub- 
lican. The stage was all set for this 
inspiring spectacle when the Democratic 
state health officer, one of the best in 
the country, appeared on the scene. His 
pronouncement was something like this : 

“Gentlemen, you can replace this 
capable health officer if you like, but I 
warn you that you must also replace his 
record. If you do not do so, the State 
Department of Health will hold you ac- 
countable.” That put a different aspect 
on the matter, especially when the pro- 
posed candidate, to whom the situation 
had also been explained, voluntarily 
came forward and insisted that the 
health officer be retained. He had pre- 
viously had the erroneous idea that the 
office was merely a political plum. It 
should be, of course, anything but that, 
but too often it is only that. When such 
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is the case, is there any wonder that some 
public health administration is full of 
waste motion and ineffective operation? 

Since the record of an official is the 
criterion of his effectiveness and the one 
item which is occasionally irreplaceable, 
an attempt is now being made to evolve 
a system of appraisal for health depart- 
ments. A rating standard has been 
worked out by the American Public 
Health Association, with the cooperation 
of other voluntary agencies, such as the 
American Child Health Association, and 
is now in actual use. This appraisal 
form was considered by a group of munic- 
ipal health officials themselves, who con- 
ferred about it in a strenuous way for 
nearly a week last winter. Thus, this 
scoring system represents the consensus 
of professional opinion and when the pub- 
lic health activities of a community are 
determined by it, a scientific measuring 
stick has been applied. After this ap- 
praisal form has been in actual use for 
a year or so, it will be revised in the 
light of experience and will be then is- 
sued in a practically permanent form. 
The employment of such standards in 
evaluating the public health accomplish- 
ments of an official will undoubtedly be 
of much value in coping with the usually 
pernicious influence of politics in public 
health. 

Another solution in the taking out of 
politics from public health is to put 
statesmanship into the science. States- 
manship is merely politics in an ethical 
form. The average scientific man is too 
often prone to be an amateur in political 
science. That is one reason why prac- 
ticing physicians frequently do not make 


good health officers. A health official 
who knows how to deal with all kinds of 
people, especially other officials, can 
achieve scientific progress, provided, of 
course, he has some conception of the 
latter. This has been well demonstrated 
in cities like Bridgeport, Connecticut; 
Memphis, Tennessee ; Detroit, Michigan ; 
and the Oranges in New Jersey, where 
well-trained health officers with the right 
kind of a personality have managed to 
get along smoothly most of the time. It 
used to be the boast of the next before 
the last health commissioner of Chicago, 
before he succumbed to a reform ad- 
ministration, that he was the biggest 
political asset that Mayor Thompson 
had. He was, and not too bad as a 
health official, either. The voters of New 
York recognized the political acumen of 
the health commissioner of their largest 
city by sending him to the United States 
Senate. The keynote of the whole situ- 
ation, then, is one of men. That means 
also that it is one of personality. Public 
health in the United States had made 
remarkable progress, but it can and will 
accomplish even greater and more allur- 
ing results when there is a copious sup- 
ply of well-trained sanitarians, recog- 
nized as scientific individuals practising 
a dignified profession in a reasonable 
way, enhancing the national vitality and 
happiness of the citizens. When such 
men are available they must be provided 
with a decent compensation for their 
illustrious (let it be hoped) efforts and 
a tenure of office based entirely on merit. 
The time to divorce politics from public 
health, however, is now. 
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Every experimental scientist is a kind 
of explorer or prospector. He spends his 
energy pushing his way here and there 
into the darkness of the unknown, blaz- 
ing trails which may or may not lead to 
scientific treasure. Unlike the geograph- 
ical explorer, he is relatively free from 
mortal danger, though not entirely free 
from perils that give a tang of adventure 
to his work.' He may get lost in the 
chaos of details and never emerge. I 
have known such lost souls. He may 
spend his time in fruitless quest, follow- 
ing trails that load nowhere, at the peril 
of a wasted life. He is not altogether 
free from the peril of combat. He may 
find himself in conflict with his col- 
leagues or with the native inhabitants of 
the dark continent of ignorance, who 
voluntarily choose darkness rather than 
light and prefer prejudice to informa- 
tion. Not all of them live in Tennessee. 

Many of the joys of the explorer are 
within his reach. The struggle for truth 
is never tame, and the joy of pitting 
one’s intelligence against the unknown 
and trying to do impossible things is 
only less than the joy of occasional dis- 
covery. None of these satisfactions is 
ever quite so good second hand. The 
classic rhyme about the purple cow, 
“ I ’d rather see than be one, ’ ’ is reversed 
in the case of the scientific explorer, 
‘ ‘ I ’d rather be than see one. ’ ’ But there 
is some joy in hailing fellow prospectors 
in the desert or mountains, the class- 
room or symposium, and swapping ex- 
periences. 

Two questions are naturally asked 
when prospectors meet. The first is 
‘ ‘ What are you prospecting for 1 ^ ’ And 


the second is “What have you found?” 
Now, according to human nature, pros- 
pectors who are looking for the same 
thing are more or less suspicious of each 
other. They tend to regard each other 
as rivals or competitors. On the other 
hand, prospectors who are looking for 
different things are apt to be a trifle con- 
temptuous of each other. The trout fish- 
eman doesn’t like to see anotlicr fishing 
the same stream. If he is ahead of him, 
he may catch the fish and spoil the fun. 
If he is behind him, ho may catch fish 
and make his predecessor look ridicu- 
lous. Both fates are unpleasant. Fur- 
thermore, trout fishermen commonly 
have a sublime contempt for the stranger 
who is fishing for bullheads or hunting 
butterflies or haying in the hot sun or 
even prospecting for gold. Those aren’t 
his ideas of real sport. So it happens 
that we are apt to be cither a bit suspi- 
cious or a bit intolerant of our fellow 
travelers. But true sportsmanship curbs 
both the suspicion of rivals and the con- 
tempt for other interests. 

Scientific exploration aims, not at 
amusement or profit, but at valid de- 
scriptive equations. Now there are two 
main types of description — the particu- 
larizing and the conditional. 

Particularizing Description 

To say this man is John is an entirely 
arbitrary but useful identification of an 
object of thought, but it 's rmpty of con- 
tent. To say that John has certain pe- 
culiarities of gait, countenance, manner 
of thinking, inheritance and educational 
background gives us real information 
about him. If the particularizing is 
129 
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complete, it may be expressed in a scien- 
tifically adequate descriptive equation. 
That is to say, it is reversible. The man 
with all these peculiarities is John. 

The most common fault of particular- 
izing description is its incompleteness. 
Some prominent feature of the situation 
is apt to dominate attention to the exclu- 
sion of the less conspicuous factors giv- 
ing rise to a kind of presocratic simplifi- 
cation of the facts, the illusion of the 
‘ ‘ nothing but. ’ * You remember how the 
first great Greek philosophers decided in 
succession that the universe was funda- 
mentally nothing but water or air or 
little atoms of various shapes or eternal 
flux. The situation was not essentially 
different from that of the blind men who 
went '‘for to see the elephant*' and 
who confidently decided, each from his 
own point of contact with trunk, leg, ear 
or side, that the elephant was nothing 
but a rope, a tree, a fan or a wall. 

There have been many presocratic sim- 
plifications in the history of scientific 
and pseudo-scientific description. Not 
so long ago the universe was commonly 
held to be nothing but matter in motion. 
Matter recently seems to be disappear- 
ing, like the Cheshire cat, till nothing 
but the motion remains. The latest fad 
of the pseudo-scientific is the dogma that 
man is nothing but a kind of ape and the 
universe is nothing but a group of elec- 
trons. 

Psychology has passed through similar 
periods of simplification. Mental phe- 
nomena have variously been held to be 
nothing but sensations and their com- 
plexes, or reflex arcs, behavior patterns 
or configurations. The latest fad in un- 
critical simplification seems to be the sex 
urge or the libido. 

Obviously such crude judgments fall 
far short of the ideal of scientific de- 
scription. 

Dynamic Description 

In a sense no mere particularization 
can ever be adequate description. An 


organic whole is never the mere chaotic 
sum of its parts. Somehow in the living 
organism those parts are integrated. 
And in the scientific description of the 
organism the principles of its integration 
are just as important, perhaps more im- 
portant, than any attempt to enumerate 
its parts. Complete description can not 
ignore either the parts or the dynamics 
of their integration. The first we called 
particularizing; the second we may call 
dynamic description. 

The chief traditional faults of the sec- 
ond type of description are, on the one 
hand, picking out some prominent ante- 
cedent and calling it 7'he Cause of a phe- 
nomenon ; and, on the other hand, assum- 
ing some mythical entity like faculty, 
instinct, general intelligence or person- 
ality as the sum total of all conditions. 
The first fault is amateurish, another 
case of crude simplification. Without 
adequate description the second has the 
futility of an empty name. While we 
can describe only one thing at a time, 
science demands just as rigid criteria of 
completeness in dynamic as in particu- 
larizing description. 

No one can say that either of these 
two kinds of description is more impor- 
tant for science than the other; but, 
speaking for myself, things and events 
seem most interesting and most signifi- 
cant when they can be made to serve as 
indicators of their more remote and hid- 
den conditions. 

Regarded as indicators, almost infini- 
tesimal and apparently trivial facts may 
become of vast scientific importance. 
The slip of a mountain measuring only 
a few inches tells the geologist of sub- 
surface stresses and strains that may 
mean future earthquakes. The micro- 
scopic shift of spectral lines tells the as- 
tronomer the constitution, speed and age 
of distant suns. The microscopic mea- 
surement of diffraction rings tells him 
their distances. The business of modem 
astronomy is not merely to name the 
stars or count them or describe their ap- 
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pearancc, but to arrange for painstaking 
and accurate measurements that shall 
indicate the underlying dynamics of the 
universe. 

Neither particularizing nor dynamic 
description is ever final. Particulars can 
always be regarded as smaller wholes 
which might be further particularized if 
we had better techniques. Conditions 
can always be regarded as the conse- 
quence of more remote antecedent or un- 
derlying conditions. Bach step in the 
particularizing or the dynamic study of 
phenomena always leads to further pos- 
sibilities in the development of science 
and frequently to new fields of practical 
exploitation. I find that a study of the 
conditions is not only the more fascinat- 
ing, but I believe it is likely to be the 
more fruitful in the conduct of life. 

All my scientific exploring has been 
directed towards the most complete pos- 
sible recording of significant behavior, 
not for itself alone, but for the sake of 
finding out what makes the thing work. 

Eye Movements as Indicators 

My first scientific exploring expedi- 
tion into the dark continents of psychol- 
ogy was in the general field of language, 
especially in the psychology of reading. 
There is no time at present to describe in 
detail the things we found and the things 
they indicated. In collaboration with 
my great master and friend, the late 
Professor Benno Erdmann, the Psy- 
chologic des Lesens gave scientific impor- 
tance to the accurate description of eye 
movements as opposed to the then cur- 
rent assumptions. Simple observation 
of the eye movements first indicated 
what have now come to be regarded as 
some of the fundamental characteristics 
of the reading process, especially the ap- 
prehension of word forms and the size of 
the reading field at the reading pauses. 
More accurate photographic records 
showed the significance of prefixational 
vision, individual differences in reading 
habits, the maturity of reading develop- 


ment and familiarity with text and text 
parts. They proved to be useful indi- 
cators in neural disease, especially in the 
catatonic form of dementia praecox. 
They are the most reliable signs of alco- 
holic intoxication. They served further 
in the analysis of the fatigue process, in 
the study of habituation to rotation, and 
have recently furnished the first re- 
corded picture of neural rivalry and 
competition. This last deserves more 
than mere passing description. 

If a person is rotated clockwise in a 
revolving chair, the eyes show a reflex 
compensatory counter-clockwise drift, 
with jerky returns to positions of less 
strain. The latency of this reflex com- 
pensatory drift, that is, the time interval 
between bodily rotation and the begin- 
ning of reflex ej’^e-movement, is of the 
order of 60<y. Without vision the ac- 
curacy of compensation is seldom very 
high. The eyes will start quickly to 
move in the right direction, but adequate 
compensation requires the elaboration of 
data that the semi-circular canal reflex 
lacks. There results a kind of stratifica- 
tion of the eye behavior. Beginning as 
a reflex the overt act imperceptibly 
passes under control of higher centers. 
I sought to render this transition explicit 
by rotating the environment in the 
wrong direction. It was an intriguing 
question as to which would dominate, 
the fundamental reflex or the less stable 
pursuit reaction of the eyes. The records 
show that reflex compensation always 
comes first and passers slowly and with 
more or less hesitation into an adequate 
adjustment to the moving environment. 
Immediately when the visual perceptual 
data arc shut off, the fundamental re- 
flex snaps back into dominance at the 
same stage of adaptnti m that it would 
have had if it had not been interrupted. 
When controlling vision of the unusually 
moving environment returns, the higher 
arcs regain dominance slowly, gradually 
and often with a moment of hesitation. 
If the rotation is rapid enough to make 
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clear vision of the environment difficult 
and to correspondingly exaggerate the 
reflex stimuli, the period of hesitation 
lengthens and develops into a protracted 
episode of utter confusion and mal-adap- 
tation which is characteristic of mental 
abnormality. I conjecture that this ex- 
perimental procedure would yield im- 
portant indicators of sub-normal cortical 
action. It should provide data for the 
early diagnosis of the dementias. How- 
ever that may be, it is probably most use- 
ful just now as a paradigm of the inter- 
action between instinctive action and 
rational control, the first experimentally 
recorded picture of the conflict and 
rivalry of cortical and sub-cortical cen- 
ters for control of a final common path. 

Integrative Consequences op the Re- 
fractory Phase 

A scientific exploration which disclosed 
still more fundamental processes was a 
study of the results of repeated or con- 
tinuous stimulation. It has gone some- 
what slowly, extending over several 
years, and is not yet ended. The most 
intriguing and significant feature that I 
have to report is the integrative impor- 
tance of that complex of metabolic proc- 
esses which may for convenience be 
grouped under the concept of the re- 
fractory phase. The imbecilic knee-jerk 
will serve as a base of departure. 

If one gives a sharp blow on the patel- 
lar tendon just below the knee cap, there 
results a contraction of the extensor mus- 
cle of the thigh, which constitutes what 
is known as the knee-jerk, or the patellar 
reflex. If that is measured, not by the 
movement of the leg, but by muscle 
thickening, the recorded curve shows 
first a little excursion at the moment 
when the blow is struck; then, a shai*p 
rise at the moment of reflex thickening 
of the quadriceps muscle, and finally a 
gradual irregular decline, as the muscle 
slowly resumes its normal tonus or thick- 
ness. The time relations are significant. 
Between the moment when the blow is 


struck and the reflex thickening, there 
is a latent period of about .04". The re- 
flex thickening lasts about .04" more, and 
the gradual decrease in thickening to 
normal lasts about half a second. If, 
after the muscle thickening is complete, 
the patellar tendon is struck a second 
blow, one gets a similar mechanical vi- 
bration from the blow, but no reflex 
thickening. The second blow came at a 
period of relative inexcitability of the 
reflex arc, and the lack of reflex response 
is an indicator of what is commonly 
called a refractory phase. If the second 
blow occurs somewhat later in the course 
of muscle relaxation, the response is pro- 
portionately greater. If it comes just 
after the relaxation of the muscle is com- 
plete and the curve has returned to its 
base line, the second reflex thickening is 
greater than the first. This is the phe- 
nomenon of the rebound. It indicates a 
period of increased excitability of the re- 
flex arc which follows its recovery from a 
previous refractory phase. 

Refractory phase or a period of rela- 
tive incxcitability of irritable tissue after 
its reaction was originally discovered in 
the heart muscle by Kronecker and Stir- 
ling and was graphically recorded for the 
first time through the genius of Marey. 
Since then the refractory phase has been 
found in irritable tissue wherever it has 
been sought with adequate techniques. 
In nerve fiber it is extraordinarily short, 
of the order of .002" to .007". It has 
been found in isolated muscle, in the re- 
flex closing of the lid, where it has a 
duration of two to three seconds, and in 
the swallowing reflex. In short, it seems 
to be a characteristic of all living sub- 
stance. 

The exact place of origin of reflex re- 
fractory phase is an interesting physio- 
logical problem. Obviously, a refractory 
phase of two to three seconds can not be 
a function of the axone, since that has an 
absolute refractory phase of only .002". 
There is similar evidence that it does not 
reside in the muscle. For the same 
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reason it is obvious that it does not re- 
side in the final common path. More- 
over, voluntary contraction may precede 
or follow refiex contraction without dec- 
rement. There is a consequent general 
presumption that it is a phenomenon of 
the S3mapses between the neurones, and 
that in some way, still unknown, the ir- 
ritability of some link in the chain in 
neural happenings is depressed by a pre- 
vious excitation, while later the irritabil- 
ity is increased in the rebound after the 
original equilibrium has been restored. 

I have a suspicion that similar syn- 
aptic changes are very widespread 
phenomena, producing corresponding 
changes in our experience and behavior. 
It seems probable that something similar 
to a refractory phase follows every cor- 
tical act, limiting its repetition or at 
least tending for awhile to make repe- 
tition more difficult. 

If the Verwom-Lucas theory is true, 
refractory phase is the fundamental con- 
dition of inhibition. The phenomenon 
may be illustrated by the action of the 
knee-jerk to a rapid series of stimuli. If 
the stimuli succeed each other within the 
refractory phase from three to ten per 
second, there is a corresponding de- 
creased reflex response which becomes 
complete inhibition at the higher fre- 
quencies. That is to say, at a frequency 
of ten stimuli a second, the first blow 
only evokes a normal reflex. The second 
and subsequent reactions arc much re- 
duced or may be entirely lacking. In 
the latter case a curve of the muscle 
thickening shows only the mechanical vi- 
bration in response to the blow without 
any reflex reaction. 

Unfortunately this schema does not 
immediately apply to inhibitions in men- 
tal life, as the following illustration will 
show. If one tries to recall an unfa- 
miliar name, the emergence of a wrong 
name may for a time delay the recall of 
the right one. Such a case offers no 
analogy to the inhibition of the knee- 
jerk through the development of a re- 


fractory phase from an antecedent re- 
flex, since in this case the right name is 
not available even for an instant. Some 
mechanism must be at work which pre- 
vents the necessary neural action without 
first introducing it to develop a refrac- 
tory phase. The question led to an ex- 
periment crucis. Would it be possible 
to develop refractory phase by stimuli 
which were too weak to evoke an overt 
response? 

Experimental trial gave a positive an- 
swer to this question, both in the knee- 
jerk and in the lid reflex. By properly 
graduating the stimuli, beginning with 
faint stimula and ending with a stimulus 
that under ordinary circumstances al- 
ways evoked an overt reflex act, the re- 
sponse was regularly decreased and occa- 
sionally failed to appear at all. This ex- 
periment not only seems to confirm the 
Verwom-Lucas theory of inhibition, but 
to explain many oases of what is com- 
monly called adaptation in everyday be- 
havior and experience. For example, 
one may get used to stimuli that would 
otherwise be very serious in their reac- 
tion consequences, provided the stimuli 
are increased to maximal proportions by 
gradual steps. Styles that now seem 
quite normal and natural would not have 
been tolerated if they had eome sud- 
denly. The Navy develops its gun point- 
ers for the big guns by gradually in- 
creasing the caliber of the guns that the 
enlisted man is permitted to fire. When- 
ever this precaution is not taken, gun 
shjmess is sure to develop from the noise 
and recoil. Orchestral volume that would 
be annoying to the listener if it came 
suddenly may reach the same intensity 
in a crescendo by gradual increments 
and be thoroughly enjoyed. One may 
indeed become almost intoxicated by 
noises whose volume would be intoler- 
able except by slow increment. I vividly 
remember an Easter morning when I 
approached the ringing chimes of the 
Cathedral at Innsbruck. As I came 
nearer and nearer, it seemed as though 
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the noise couldn't be intense enough. 
I demanded more and more, and when 
I was finally standing under the bell 
tower I had an almost irresistible im- 
pulse to climb the tower to get more of 
that noise. You may have felt the same 
during a Tschaikowsky crescendo. The 
phenomenon has many analogies in ex- 
perience and conduct. A climax is usu- 
ally reached at last when the stimuli re- 
verse the feeling tone. 

One might ask what would happen to 
a reflex pattern which was made up of 
several partial reactions of different re- 
fractory phases. Suppose, for example, 
analysis of a given reflex pattern showed 
that it was composed of three acts. A, B, 
C. Suppose also that the refractory 
phases of B and C were, respectively, 
two and throe times that of A. It seems 
probable that, if adequate stimuli are re- 
peated sufficiently frequently, B and C 
will be temporarily eliminated from the 
overt response, leaving A alone with its 
relatively short refractory phase. As a 
matter of fact this supposition proved 
to be true in at least one instance where 
the records are entirely adequate, as the 
following experiment will show. 

I was watching a guinea pig one day 
with my young friend, Mr. Louttit, when 
we observed an interesting and sug- 
gestive modification of its behavior. 
When I clapped my hand once only, the 
pig jumped or started in a manner which 
we found difficult to describe from 
simple observation. It also jerked its 
ears downward and backward. If I kept 
on clapping, it ceased to jump and 
merely jerked its ears. If the clapping 
continued long, fast, and loud enough, 
the animal ceased to jerk its ears, laid 
them back in tetanic contraction and 
started to run. Superficially it looked 
like a ])henomenon which would be classi- 
fied in the traditional psychology of 
learning. He might be said to have 
learned that the clapping of the hands 
was harmless and that, consequently, he 
ceased to jump or start and developed a 


complex protective response. This would 
be a reasonable explanation of his cover- 
ing the external meatus with the ears 
and running away from the noise. 

But we were suspicious of this inter- 
pretation, since the whole performance 
could be repeated after a short interval 
and since the animal ran in any direc- 
tion in which he happened to be pointed, 
including the direction of the noise. The 
phenomenon seemed worth investigating, 
so we invented a device to record it. You 
may be interested in the details of its 
construction. 

In front of our silent photographic 
recorder we suspended a light basket 
carriage on two point bearings and a 
spring. When the animal was in posi- 
tion in the basket, this balanced carriage 
brought a thin wooden offset into the 
beam of recording light, casting a 
shadow across a slit in a screen, which 
otherwise covered a sheet of sensitive 
photographic paper. The shadow re- 
mained stationary when the animal was 
still, but moved up and down the slit 
when the animal moved. Such a record- 
ing device is practically f rid ionless, has 
very low latency and may be made to 
have great sensitivity. Our recorder 
showed initial trembling of the guinea 
pig. One could count his respirations 
and occasionally we observed what we 
took to be his pulse, though this latter 
was not confirmed. A noise-producing 
instrument, also situated in front of the 
photographic recorder, was fitted with a 
similar offset, whose shadow fell across 
the upper part of the same slit. The 
recording light and the shadows of the 
offsets falling across the narrow vertical 
slit or rather a lens system, which 
amounted to a slit, fell upon the sensitive 
paper as it was moved evenly behind the 
opening and developed into horizontal 
shadow records of the sequence of events. 
The interruption of the recording beam 
of light by a toothed wheel, driven by a 
tuning fork, furnished time ordinates 
.01" apart. 
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The resulting records entirely con- 
firmed our suspicions. The latency of 
the start reflex varied between .02" and 
.03", while its refractory phase was abso- 
lute within the limits of our records, 
which were of the order of .5". A thin 
recording lever laid across the ear gave 
comparable records of its reflex move- 
ments. They showed an amazingly low 
latency of the general order of .015" 
to .018", with a refractory phase that 
was not longer than .65". These records 
proved that we were not dealing with a 
true learning process at all, but with a 
modification of the reflex pattern at a 
very low level of integration, determined 
primarily by differences in the refrac- 
tory phases of the several components. 
The final step is still in the hypothetical 
stage. We do not know precisely what 
made the animal run when the stimuli 
were of higher frequency and intensity. 
It looks like a summation process by 
which otherwise inadequate stimuli reach 
levels of response which arc usually in- 
accessible to single strokes. It seems to 
me that the phenomenon is not only in- 
teresting in itself, but indicates a prin- 
ciple of very wide application to the phe- 
nomena of conduct and experience. It is 
at once an explanatory principle for un- 
derstanding life as we find it and a 
primitive condition of the integration of 
human behavior. 

Just what I mean may be illustrated 
by another experiment. In connection 
with a long and very tedious study of 
the effects of repetition of stimuli at dif- 
ferent levels of the nervous system, 
which was undertaken with the help of 
a subsidy from the Ernest Kompton 
Adams Research Fellowship of Columbia 
University, I found that a refractory 
phase occurred in systems of reaction 
where it might be least expected. I dis- 
covered it in the ordinary course of those 
anticipatory reactions which we com- 
monly call learning by insight. Let me 
repeat a simplified experiment with your 
cooperation. I shall spell a series of 


words backwards. Please speak them 
out loud as soon as you know what they 
are. N-i, s-e-y, d-a-r-b, e-g-a-p. You 
more or less readily reintegrate the suc- 
cession of letters and respond with the 
words in, yes, hrad, page. If I were now 
to repeat the experiments and begin n-i, 
you would no longer have to wait for 
the completion of the adequate stimuli. 
You would anticipate them and might 
react by saying the entire series of words 
before I had spelled the first one. 

If the words were then spelled through 
backwards once again, you would prob- 
ably sit back in a complacent attitude 
waiting for something new. Your task 
is done. For some reason or other the 
reaction systems have become relatively 
inexcitable after the first response. 

There is something strange about this 
relative inexcitability of the paths of re- 
cent responses. Since recency is com- 
monly regarded as one of the most im- 
portant conditions of recall, the reaction 
systems on the basis of traditional i)sycha- 
physiology might be supposed to bo in a 
strategic condition for immediate repe- 
tition. Why are our last acts not com- 
monly repeated indefinitely after the in- 
itial operation? A relative refractori- 
ness of neural systems would have double 
teleological value. It would be at once a 
protection against monotony of behavior 
and would open the way for new and 
more adequate adaptive responses. If 
recency of reaction resulted only in the 
increased irritability of a neural system, 
the first chance reaction would tend to 
be repeated interminably. It is a kindly 
fate that each neural event contains in 
itself the conditions of its suppression as 
well as those of its repetition. The con- 
sequence of this interplay of tendencies 
is eternal change, even in the relatively 
stable patterns of behnvi. r which we call 
habit and custom. 

Occasionally emotional reinforcement 
develops behavior patterns of extraordi- 
narily low refractoriness. There results 
a consequent stereotypy in thought or 
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behavior which may on occasion assume 
pathological features and result in ex- 
haustion. Occasional suppression of 
competing systems permits another kind 
of behavior pattern of extraordinary 
simplicity. The consequent sterotypy is 
of a different order from that which is 
produced by low refractoriness. Its most 
characteristic feature is stupidity. Rela- 
tive fixity of behavior for lack of com- 
petition is a phenomenon of depressed 
intellectual activity or senility, whether 
it is found in an individual or a race. 

How long does relative refractoriness 
last after initial reaction? There is prob- 
ably no universal answer to this ques- 
tion. Each event and apparently each 
factor of an event has its own individual 
peculiarities of latency and refractori- 
ness. Ordinarily in oral or written dis- 
course one docs not repeat an important 
word within the sentence, a phrase in the 
paragraph, or any paragraph at all. 
Still less do we care to hear or read such 
repetitions. We seldom read a novel 
twice. A repeated joke or story is a 
bore except to the narrator. With re- 
spect to many of the phenomena of repe- 
tition, however, there is a common differ- 
ence between motor and pcrceptor re- 
fractoriness. I had a much loved friend 
whose one weakness used to be the per- 
sistent repetition of witticisms. He 
regularly laughed at them. They ap- 
parently seemed mighty good to him. 
His audience often laughed too, but 
chiefly through the reinforcement of 
loyalty or affection. One’s wife and 
one’s students not infrequently become 
similarly conditioned. 

Analogous differences between motor 
and perceptor refractoriness appear in 
connection with a great variety of events, 
from the repetition of favorite words and 
phrases, the blowing of penny whistles 
and the explosion of firecrackers to the 
reading of scientific lectures and the 
representations of art objects. There 
seems to be a peculiarity of great art, 


however, that decreases perceptual re- 
fractoriness as well as motor. 

It may be objected by some of you 
that we have no direct evidence for dec- 
rements in central irritability of any 
such duration as I have suggested. I 
maintain on the contrary that we do not 
lack evidence for such persistent changes 
of irritability in cortical reaction arcs. 
There are many phenomena in the psy- 
chology of learning that indicate long 
enduring changes in the readiness of sys- 
tems to react. This involves some change 
in cortical tissue which is lost only 
slowly or not at all. Plashes of insight 
can at present be understood neurologi- 
cally only as modifications of the syn- 
apses, which are practically permanent. 
Since all memory involves negative 
changes as well as positive, the elimina- 
tion of competing associations can be 
thought of neurologically only as more 
or less permanent deprcwssions in the 
irritability of the respective neural 
systems. It would be idle to speculate 
on the precise mechanism of such neural 
changes. It is physiologically unknown. 
Hypotheses of retraction of synaptic 
endings, of chemical blocking substances, 
and of change in the resistance of semi- 
permeable membranes have all found 
some measure of acceptance. None is 
established or has achieved any high de- 
gree of probability. It is perhaps suffi- 
cient for our present purpose to realize 
that such increases and decreases of irri- 
tability are facts as well as problems. 

Somewhere, somehow, the recovery of 
irritability is delayed in neural systems 
just as surely as it is in nerve or muscle 
fibers. There is some evidence which 
points to the localization of these modi- 
fications in junctional tissue or at the 
synapse. Refractoriness at any point in 
a system would tend to depress or even 
prevent the reaction of that particular 
system to a renewed stimulus. This does 
not mean that any factors in the system 
are fully paralyzed. They may react to 
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different or to stronger stimuli. They 
may react to the same stimulus in a dif- 
ferent constellation. Common experi- 
ences as well as our experimental facts 
fit best the relative refractory phase 
schema. 

I have tried to outline some of the 
evidence for the existence of a primary 
underlying factor in the variability of 
human response which is at once a pro- 
tection against stereotypy and a condi- 
tion of resystematization. If it were not 
for this underlying tendency all our lives 
might be spent in circles of narrow cir- 
cumference and in the repetition of 
trivialities. 

Neural patterns in the cord and brain- 
stem quickly reestablish their original 
sensitivity, and the consequent behavior 
patterns are quite permanent and char- 
acteristic of the indivdual. Even these, 
as we have seen, may change from the 
action of relative refractoriness. In 
labile or fluid neural systematizations 
like those of the cortex relatively slight 
decrements in the irritability of any link 
in the neural chain may produce pro- 
found modification of the behavior pat- 
tern or even apparent reversal of the 
mode of reaction. 


If I may be permitted to point out in 
conclusion the main land-marks in our 
scientific excursion, I would emphasize 
the strategic importance of those phe- 
nomena whose accurate description un- 
der experimental conditions reveals 
something of the underlying processes, 
as, for instance, when outcrops of overt 
behavior may be arranged to serve as 
indicators of the underlying neural 
action. 

We have shown how such overt acts as 
eye movements, knee-jerks, lid reactions 
and the like may reveal the momentary 
status of relatively stable neural systems 
and the interplay of various segmental 
levels of neural integration. Wo have 
shown further how a study of the se- 
quence of such overt responses may be 
made to reveal far-reaching pi'inciples of 
integration like the refractory phase and 
the rebound. These arc such funda- 
mental conditions of normal life that 
psychology would be forced to invent 
them as hypotheses for the explanation 
of human experience and behavior even 
if experimentation had failed to disclose 
them. 
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The word science is capable of inter- 
pretation in so many different ways that 
it is desirable to define exactly what is 
meant by the term modern science. To 
many people the phrase suggests a Mar- 
coni, an Edison and the host of mechan- 
ical devices with which the application 
of scientific principles has deluged the 
world. Now while the writer has no in- 
tention of belittling the importance of 
applied science, in this historical sketch 
attention is directed to the work, not of 
the inventor but rather to that of the 
investigator who patiently and i)ersist- 
ently seeks to learn something of the 
secrets of nature. Our modern scientist 
is the man who is more interested in a 
knowledge of the ultimate structure of 
gold than in its possession; who seeks 
not to build aeroplanes but to under- 
stand the laws of flight ; who studies the 
starry heavens, not to cast horoscopes, 
but to learn something of the universe 
of which he is a part; who looks at the 
lilies of the field and wonders why they 
grow. 

It is important to realize that a man 
of this type is no idle dreamer. He does 
not sit and gaze at the heavens seeking 
to evolve in his own mind the laws of 
the universe. On the contrary, he is a 
very practical person who tries to unlock 
the closed doors of nature by a well- 
defined method. In the first place he 
makes observations; he collects all the 
facts he can about the problem he is in- 
vestigating. Not content with observa- 
tions, he experiments to find additional 
facts. When a fair amount of accurate 
knowledge has been collected in this way, 
he tries to correlate the facts in what 
appears to be a reasonable explanation. 


In other words, he formulates a theory. 
Having formulated his theory, he pro- 
ceeds to test it. If this theory is true, 
he says, then such and such should be 
the case. He, therefore, makes further 
experiments to see if his predictions are 
true. If they are not, that is, if the new 
facts thus brought to light do not fit in 
with his theory, it must either be revised 
or cast overboard altogether. His ulti- 
mate aim is truth. No matter how much 
he has prided himself on the beauty or 
on the correctness of his theory, a single 
fact which it fails to explain is sufficient 
ground for either altering it or casting 
it aside in favor of a new one. 

Let me illustrate by a concrete ex- 
ample. Towards the end of the seven- 
teenth century there were two outstand- 
ing theories concerning the nature of 
light. According to the first, a stream 
of extremely small particles is shot off 
from a luminous body. These cor- 
puscles, as they were called, travel at a 
high speed through a vacuum and all 
transparent bodies, strike our eyes and 
cause the sensation of light. Supporters 
of the second theory stated that disturb- 
ances in the luminous body were the 
cause of trains of waves which were sent 
out in all directions. These waves, trav- 
elling through an invisible ether filling 
all space, impinge on our eyes and in 
this way the sensation of light results. 
Now both these theories were attempts 
to explain existing facts. It was known, 
for example, that light travels in straight 
lines; that a beam of light may be regu- 
larly reflected, and suffers refraction 
when passing from one medium into an- 
other. Neither, of the theories, however, 
provided a completely satisfactory ex- 
planation of these and other facts. 
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Which was nearer the truth ? This could 
not be decided until additional experi- 
mental facts had been obtained, and it 
was not until about the beginning of 
the nineteenth century that overwhelm- 
ing evidence was given in favor of the 
wave theory. About the year 1800 
Thomas Young showed experimentally 
that light added to light could give rise 
to darkness. Here was a f Act which the 
corpuscular theory could not explain. It 
had either to be altered or overthrown. 
Later in the century it was shown, again 
by direct experiment, that light travels 
more slowly in water than in air. Now 
according to the corpuscular theory, the 
fact of refraction was explained on the 
supposition that light travels more 
quickly in a medium like water than in 
air. Here, then, was another direct con- 
tradiction to an experimental fact. The 
corpuscular theory, therefore, was given 
a knockout blow and at the beginning 
of the twentieth century the wave theory 
was almost universally accepted. It is 
still, however, only a theory. The last 
decade or two has seen many new dis- 
coveries in the world of physical science 
and some of these can not be satisfac- 
torily explained by the wave theory, at 
least in its present form. The end is not 
yet and the search for truth goes on. 

To sum up, modern science is born of 
a spirit of wonder and inquiry about the 
whole world of natural phenomena. Its 
keynote is found in the word, experi- 
ment; ** Experiment and see’’ is the 
scientist’s answer to innumerable ques- 
tions. Its method is a combination of 
induction and deduction; theories are 
formed by inductive reasoning ; they are 
tested by deduction. Scientists them- 
selves must ever keep an open mind and 
at least aim to live up to the somewhat 
flattering tribute of Mr. U. G. Wells, 
who speaks of them as men who ‘‘think 
and work with an intensity, a breadth, 
boldness, patience, thoroughness and 
faithfulness — excepting only a few art- 
ists — which puts their work out of all 


comparison with any other human activ- 
ity . . 

How long has science been one of 
man’s normal activities? When did 
modern science have its birth? These 
questions, like all others dealing with the 
beginnings of things, are not easy to 
answer. The accomplishments of the 
ancient Chaldean civilization are suffi- 
cient evidence that even in prehistoric 
days man had much knowledge of the 
physical world about him. Whether the 
men of those days had any real scientific 
outlook, even in the slightest degree, it 
is not possible to say. There is no doubt, 
however, that in the mental outlook of 
the Greek philosophers of the fifth and 
sixth centuries B. C., wc find much that 
is in common with that of the twentieth 
century scientist. Thales, with his con- 
ception of water as the ultimate primary 
substance ; Anaximenes, with his substi- 
tution of air for water and his theory 
of rarefactions and condensations; He- 
rakleitos, with his idea of fire as the ulti- 
mate reality; Empedocles, with his four 
elements, earth, air, fire and water, were 
surely men seeking to explain natural 
phenomena. To Leukippos and Democ- 
ritus atoms may have been more of an 
ultimate reality than they are to the 
twentieth century physicist, but these 
were men who undoubtedly were con- 
cerned about the structure of matter. 
Nor was experiment altogether absent in 
these early days. Empedocles, for ex- 
ample, is said to have proved the fal- 
lacy of the doctrine that space is 
“empty” by the use of a water clock. 
Water would not flow in, unless air went 
out. Air, therefore, he argued, is no-t 
empty space. Even before Empedocles, 
Pythagoras or the Pythagorean school 
was familiar with certain laws regarding 
musical intervals, l.iws which could 
scarcely be obtained without a certain 
amount of direct experimenting. 

As we come nearer to* the Christian 
era we are on more solid historical 
ground. The mass of extant literature 
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ascribed to the great Aristotle is ample 
evidence of the existence of the scientific 
spirit during the fourth century before 
Christ. The very names of many of the 
Aristotelian treatises — concerning phy- 
sics, concerning the history of animals, 
concerning sound, concerning colors, con- 
cerning plants, concerning mechanics 
and so on — these very names show the 
interest of the philosophers of his time 
in scientific matters. In Aristotle’s 
works we find a veritable mine of in- 
formation on scientific subjects which 
many centuries later was to have such 
a tremendous effect on man’s intellec- 
tual development. Aristotle, moreover, 
not only collected information but ap- 
parently also recognized the desirabil- 
ity of exact observation and of the neces- 
sity of a hypothesis fitting the facts.” 
“The phenomena are not yet sufficiently 
investigated. When they shall be, then 
one must trust more to observation than 
to speculation and to the latter no fur- 
ther than it agrees with the phenomena.^* 
This is sound scientific doctrine, but 
Aristotle did not always practice what 
he preached. In one of his works he 
says: “That body is heavier than an- 
other, which in an equal bulk moves 
downward quicker.” Bodies fall faster, 
the heavier they are. Now even a col- 
lege freshman knows that this is not true 
and it is a very simple matter to prove 
the error experimentally. Apparently 
Aristotle and his school did not always 
use the experimental test. 

Turning to Archimedes we find essen- 
tially a modern physicist. His discovery 
of the principle of the lever is a matter 
of common knowledge because of the 
saying attributed to him, “Give me a ful- 
crum on which to rest and I will move 
the earth.” Almost equally well known 
is his work on hydrostatics and the prin- 
ciple which still goes by his name that 
bodies immersed in a liquid lose in 
weight an amount equal to the weight of 
the liquid displaced. 


Of the accomplishments of Archimedes 
in mathematics and in engineering de- 
tails can not be given, but there is no 
question that there is ample justification 
for the statement of Leibnitz, “whoever 
goes to the bottom of the works of Archi- 
medes will admire the modems less.” 

Prom even the briefest survey of 
Greek science, one can not omit the 
names of two other men, Hipparchus and 
Ptolemy. 

Hipparchus, an astronomer who lived 
in the second century B. C., both in his 
outlook and in his methods was essen- 
tially a modern. Not content with ac- 
cepting as final either the work or the 
theories of his predecessors, he made new 
and more accurate observations by means 
of which he showed the incorrectness of 
existing theories concerning the motions 
of heavenly bodies. Moreover, like a 
true modern, he worked out a new the- 
ory of the motion of the sun and the 
moon which was satisfactory in that it 
fitted the actual facts to the accuracy 
with which he was able to make obser- 
vations. When we add that he dis- 
covered the astronomical phenomenon 
known as the precession of the equinoxes 
and laid the foundations of trigonom- 
etry, we must admit that Hipparchus is 
entitled to be ranked with the pioneers 
of modem science. 

For over 250 years after Hipparchus 
no outstanding advances were made in 
the field of astronomy. In the second 
century of the Christian era, however, 
we encounter the work of Ptolemy, an- 
other outstanding name in the history of 
science. Of his varied activities one or 
two details only can be given. In optics 
he investigated experimentally the phe- 
nomenon of refraction, thus providing 
us with what one writer has described as 
“the oldest extant example of a collec- 
tion of experimental measures in any 
other subject than astronomy.” His 
most important work, however, was in 
the field of astronomy. Pew ancient 
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scientific works are of more importance 
than his Syntaxis or the Almagest, as it 
is move frequently called, a treatise in 
whichi'he presents a complete account of 
the astronomical facts, theories and in- 
struments of his day. Of the tremen- 
dous importance of this treatise in medie- 
val and renaissance days mention will be 
made later. 

There is much evidence, therefore, that 
the Greeks laid the foundations of mod- 
em science. It is true that in many 
there was a confused blending of philoso- 
phy and science, a tendency to speculate 
rather than to experiment ; it is equally 
true that in others we find a combination 
of the true scientific temper with the use 
of the experimental method. But Greek 
science declined and for many centuries, 
at least as far as European civilization 
is concerned, it was almost completely 
eclipsed. In spite of the amazing ac- 
complishments of the Romans, their 
work in pure science is of little account. 
Their genius lay in other directions, 
along lines which were not favorable to 
the further development of science. Pos- 
sibly it is unfair to cite the case of the 
Roman soldier who killed Archimedes as 
typical of the attitude of the soldier’s 
race to abstract science, but at least it is 
suggestive of the difference between the 
Greeks and the Romans. 

With the acceptance of Christianity 
by the Roman world, conditions became 
leas and less favorable for the develop- 
ment of science. It was perhaps not un- 
natural that the early Christians should 
view with disfavor the intellectual ac- 
tivities of a people whose morals were 
not always of the best and whose outlook 
in many matters was frequently pagan- 
istic. In any case we find a twofold at- 
titude displayed towards scientific mat- 
ters. There was first of all a kind of 
contempt for such questions, a feeling 
that matters concerning the soul’s sal- 
vation were so urgent that after all such 
studies were of little moment. ‘‘What 
concern is it to me,” says St. Augus- 


tine, “whether the heavens enclose the 
earth in the middle of the world or over- 
hang it on either side?” Basil of Cae- 
sarea states “it a matter of no interest 
to us whether the earth is a sphere or a 
cylinder or a disk or concave in the mid- 
dle like a fan.” But interest in the 
world about us is a natural instinct, and 
of this there is ample evidence in the 
other attitude of the early church fath- 
ers towards science. In the scriptures 
can be found the solution of many scien- 
tific questions and disputes. Why go to 
pagan philosophers when we have the 
law and the prophets? By way of illus- 
tration, consider an argument advanced 
in the sixth century by Procopius of 
Gaza against the possible existence of 
men on the antipodes. Such a thing is 
out of the question, he argued, because 
it would mean that our Lord must have 
gone there and died a second time. In 
support of the same position St. Augus- 
tine argued that such men could not ex- 
ist because “Scripture speaks of no such 
descendants of Adam.” 

Gradually, therefore, the church de- 
veloped a sacred pseudoscientific system 
of the earth and of man’s place in the 
universe. Utterly unscientific in its for- 
mulation, it was supported with the tre- 
mendous authority of the church of the 
middle ages, and, as we shall see later, 
became a stumbling block in the face of 
which real scientific progress was a very 
difficult matter. 

The downfall of the decadent Roman 
empire before the invasion of uncultured 
barbarians was a second powerful factor 
in bringing about a condition of affairs 
totally unfavorable to scientific advance. 
Much of the ancient learning was lost 
and civilization sank to the low ebb im- 
plied in the name Dark Ages, Through- 
out this period knowledge and intellec- 
tual interests were in the hands of the 
clergy; political life was one of wars 
and readjustment, while, to quote Pro- 
fessor G. B. Adams, to many people 
“the dark terrors of the world of lost 
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souls, which they crudely but vividly 
pictured to their minds as horrible phys- 
ical torments, pressed upon them with a 
reality almost as immediate as that of 
the world in which they were really liv- 
ing/' In such an atmosphere the spirit 
of modern science did not exist. 

II 

Only a brief reference can be made to 
the conditions which gradually created 
an atmosphere favorable for the rebirth 
of the true scientific spirit. During the 
Dark Ages there was much activity 
along mathematical and astronomical 
lines among the Hindus and Moham- 
medans of the far east. While they seem 
to have made but few new contributions 
to science, Greek ideas were preserved 
as well as translations of Greek manu- 
scripts. Now, as is well known, during 
the ninth and tenth centuries Moham- 
medanism spread into Europe and a re- 
markable Moorish civilization arose in 
Spain. Almost palatial in its splendor, 
strangely enough it was marked by an 
intense interest in learning, particularly 
on the scientific side. To quote Hume: 

Cordova then became the center of geientifle 
investigation. Medicine and surgery especially 
were pursued with intense diligence and suc- 
cess, and veterinary surgery may bo said to 
have crystallized into a science. Botany and 
pharmacy also had their famous professors, 
and astronomy was studied and taught as it 
had never been before; algebra and arithmetic 
were applied to practical uses, the mariner’s 
compass was invented, and science as applied 
to the arts and manufactures made the products 
of Moslem Spain — the fine leather, the arms, 
the fabrics, and the metal work-esteemed 
throughout the world. . . . 

Before this remarkable era in Spain 
had come to an end, a new ferment was 
at work in Europe. Contact with the 
east as a result of the Crusades and 
gradually developing commerce had en- 
larged the horizon of many men and 
stimulated their imaginations. New im- 
pulses began to stir, minds became more 
active. The more settled state of Europe 


permitted scholars to go afield in search 
of knowledge and of manuscripts, visits 
even from England to Spanish centers 
of learning being not unknown. Indeed, 
in the twelfth century there was such a 
revival of learning that, according to so 
eminent an historian as C. H. Haskins, 
we have to do with a true renaissance. 
While this movement centers largely in 
numerous translations of Greek manu- 
scripts into Latin, it is by no means un- 
related to the theme of this article. The 
translators of this period were interested 
not so much in the humanistic side of the 
classical writers as in their scientific and 
philosophic knowledge. And so we find 
Latin translations of the works of such 
men as Ptolemy, Euclid, Galen, Hippoc- 
rates and Aristotle. Aristotle's logic, it 
is true, had been known and indeed of 
great importance throughout the Dark 
Ages, but in the twelfth century his 
scientific works gradually made their ap- 
pearance. Translations of Ptolemy's 
Almagest, with its thorough summary of 
Greek astronomy, came to light both 
from Arabic sources about 1175, and 
somewhat earlier, from Greek sources 
through Sicilian channels. In the twelfth 
and thirteenth centuries, therefore, schol- 
ars had at their disposal numerous Greek 
scientific works. What use did they 
make of them? Is there any evidence 
that the interrupted stream of scientific 
activity once more began to flow along 
Hellenistic channels? 

To that question we may answer both 
‘‘yes" and "no"; yes, because there is 
undoubtedly much evidence of the exis- 
tence of the true experimental scientific 
method during this period; no, because 
influences opposed to the rebirth of the 
spirit of the Greeks in some respects in- 
creased rather than decreased. The posi- 
tive evidence will be given by a glance 
at the work of two outstanding figures of 
the thirteenth century. In the Norman 
kingdom of Sicily, where Latin, Greek 
and Arabic influences came together, 
there ruled at this time a remarkable per- 
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sonality, King Frederick the Second. 
The head of a court which patronized 
learning, he himself had an active scien- 
tific mind. That he was also an experi- 
mentalist there is some evidence in cer- 
tain tales which are related of him. 
Wishing, for example, to know the com- 
parative effects of sleep and of exercise 
on digestion, he gave to each of two men 
a hearty dinner. After their repast, one 
was sent hunting, the other ordered to 
take a sleep. Later, the two were put 
to death and an analysis made to see 
whether rest or exercise were the better 
aid to digestion. Another story of a less 
scientific nature is to the effect that cer- 
tain children were brought up in silence 
in order to find out ‘Whether they would 
speak Hebrew, which was the first lan- 
guage, or Greek or Latin or Arabic or 
at least the language of their parents; 
but he labored in vain, for the children 
all died. 

Ilis real scientific work, however, lay 
in the field of natural history. A fond- 
ness for animals, combined probably 
with a love of show, led him to bring 
together a veritable menagerie of “ele- 
phants, dromedaries, camels, panthers, 
gerfalcons, lions, leopards, white falcons 
and bearded owls.*’ But it was by no 
means for show alone that he used his 
animals. A treatise on falcony, “De 
arte venandi cum avibus,” is ample evi- 
dence of an exact scientific study of the 
habits of such birds obtained by accurate 
observation on his own part, combined 
with a systematic investigation of the 
knowledge of others. Moreover, while 
familiar with and to some extent follow- 
ing the works of Aristotle on natural 
history, he did not hesitate to criticize 
the great master, even accusing him of 
at times relying too much on hearsay. 
That Frederick’s interest in scientific 
matters was not limited to natural 
science, one illustration must suffice. 
Following a custom to which he seems 
to have been addicted, he at one time 
sent to the sultan of Egypt the follow- 


ing optical questions for solutions by 
Moslem scholars; (1) Why do objects 
partly covered with water appear bent f 

(2) Why does Canopus appear bigger 
when near the horizon, whereas the ab- 
sence of moisture in the southern deserts 
precludes moisture as an explanation? 

(3) What is the cause of the illusion of 
spots before the eyes ? 

A much more important and almost 
equally dramatic figure is found in the 
person of Roger Bacon. Born in En- 
gland at the beginning of the thirteenth 
century, he seems to have spent his early 
manhood studying at Oxford. At Paris 
he continued his studies, taking the dia- 
lectic training of his day and ultimately 
receiving the doctor’s degree. Subse- 
quent work at Oxford rendered him sus- 
pect to the members of the Franciscan 
order to which he had attached himself, 
and once more he returned to Paris, this 
time more or less under surveillance. A 
few years later the interest of a liberal- 
minded pope gave him an opportunity 
to write his famous works and so to 
hand down to posterity a detailed ac- 
count of his accomplishments. A later 
treatise in which he in scathing terms 
denounced the evils of the church and 
society of his day proved too much for 
the superiors of his community, and a 
period of fifteen years in prison put an 
end to further writing. (When an old 
man he was released, but it was then too 
late for him to do any further work of 
importance.) 

Now, what did this man do and why 
is he so outstanding a figure in the his- 
tory of science? Note what he himself 
has to say : 

For now I have Inbonred from my youth in 
the Hcienc.es and languages, and for the further- 
ance of study, getting together much that is 
useful. I sought the friendship of all wise 
men among the Latins, and caused youth to bo 
instructed in languages, and geometric figures, 
in numbers and tables and instruments, and 
many needful matters. I examined everything 
useful to the purpose, and I know how to pro- 
ceed, and with what means, and what are the 
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impedimentB ; but I cannot go on for lack of 
the funds which are needed. Through the 
twenty years in which I laboured, especially in 
the study of wisdom, careless of the crowd’s 
opinion, I spent more than two thousand pounds 
in these pursuits on occult books and various 
experiments, and languages and instruments, 
and tables and other things. 

Again : 

The study of wisdom may always increase in 
this life, because nothing is perfect in human 
discoveries. Therefore, we later men ought to 
supplement the defects of the ancients, since 
we have entered into their labours through 
which, unless wo are asses, we may be incited 
to improve upon them. It is most wretched 
always to be using what has been attained and 
never reach further for one’s self. ... In 
every act of life, or business, or study, these 
three vast arguments are used for the same 
conclusions: this was the way of our ances- 
tors, this is the custom, this is the common 
view: therefore should l)e held. 

Surely we have to do with a man who, 
like the modern scientist, is not willing 
to accept as final the conclusions of his 
predecessors, who refuses to accept the 
argument of mere tradition, who real- 
izes that new knowledge may be obtained 
by observation and experiment. 

Turning to his scientific writings, we 
find them treating of a vast range of 
subjects, into the details of which it is 
not pos.sible to go. In any case, what 
the writer would like to emphasize is not 
so much his actual scientific accomplish- 
ments as his insistence on the necessity of 
the experimental method. To him the 
crowning test of the truth of all knowl- 
edge lay in “ experimentia. ' ' Let him 
again speak for himself: 

There are two modes of arriving at knowl- 
edge, to wit, argument and experimmium. Ar- 
gument draws a conclusion and forces us to con- 
cede it, but does not make it certain or remove 
doubt, so that the mind may rest in the percep- 
tion of truth, unless the mind find truth by 
way of experience. 

Again : 

But beyond these sciences is one more per- 
fect than all, which all serve, and which in a 


wonderful way certifies them all: this is 4Mtted 
the experimental science, which neglects <4UEgu- 
ments, since they do not make certain, hossever 
strong they may be, unless at the same tbne 
there is present the experientia of the oenelu- 
sion. Experimental science teaches exptriri, 
that i)9, to test by observation or experteant, 
the lofty conclusions of all sciences. 

Finally : 

When Aristotle speaks of knowledge of the 
cause as a higher kind of knowledge than that 
gained by experience, he is speaking of mere 
empiric knowledge of a fact; I am speaking 
of experimental knowledge. There are numer- 
ous beliefs commonly held in the absence of 
experiment, and wholly false, such as that 
adamant can be broken by goats’ blood, that 
a vessel of hot water freezes more rapidly than 
one of cold and so on. 

Now two examples do not establish a 
case, but they do serve to illustrate the 
point which might be amplified, that in 
the thirteenth century there were unmis- 
takable signs of a rebirth in science. On 
the other hand, influences opposed to the 
spirit of a free and an experimental in- 
quiry into natural phenomena were not 
lessened by the new knowledge. In 
Roger Bacon himself, we see an example 
of one such influence. In spite of all 
that has been said concerning his posi- 
tion as a scientist, in one respect he is 
no exception to the philosopher-theolo- 
gians of his day. To him, as to them, 
theology was the queen of the sciences; 
all other branches were her handmaid- 
ens. It must be remembered that 
throughout the medieval ages learning 
was for the most part in the hands of 
the theologians. While many of these, 
particularly in the latter half of this 
period, were extremely able men, and 
some not without an interest in natural 
phenomena, the keynote of all their stud- 
ies was theology; salvation, not science, 
was their primary concern. The result 
was often a strange mixture. Here is 
one example of a scientific question and 
its theological answer: “Why is the sun 
so red in the evening ? Because he look- 
eth down upon hell.’^ 
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It is in scholasticism, however, that 
we find the strongest of all the influences 
opposed to the development of the sci- 
entific spirit. Scholasticism, strangely 
enough, was one of the results of the 
intellectual stimulus which came to 
Europe at this time. A wealth of new 
material, in the form of bad Latin trans- 
lations, is brought to the attention of 
men whose wits had been sharpened by 
the prevalent training in logic and in 
dialectic, whose interests were predomi- 
nately theological, whose minds were 
stimulated by the economic and political 
changes affecting the Europe of their 
day. It is not surprising, therefore, that 
such men, seizing on the new but often 
inaccurate material, endeavored to in- 
corporate it in their theological system. 
With Aristotle as a theologian they had 
long been familiar ; of Aristotle, the nat- 
ural philosopher, they were at first some- 
what afraid, and we read of the prohibi- 
tion of some of his works at the Univer- 
sity of Paris. Soon, however, the ban 
was removed, and it was not long until 
the able minds of the thirteenth century 
had gladly accepted a somewhat per- 
verted Aristotle and had created what 
G. B. Adams has described as “a gigan- 
tic system of organized knowledge, in so 
far as there was knowledge, in which 
almost every conceivable idea had its 
place, and which exercised a most tyran- 
nous sway over all mental activity, be- 
cause it was so intimately bound up with 
an infallible system of theology which 
every mind was obliged to accept under 
peril of eternal penalties. 

Now it need scarcely be added that the 
spirit of such a system, dominated as it 
was by the double authority of an in- 
fallible theology and a misrepresented 
Aristotle, was almost fatal to scientific 
progress. It is true that the early school- 
men included in their number some of 
the keenest intellects the world has 
known ; it is equally true that their scho- 
lastic philosophy developed into the most 
futile speculations. For example, we 


read of questions such as these: Could 
God make two hills without an interven- 
ing valley “Could God make a stick 
a yard long which had not two ends to 
it?’’ “What happens when a mouse 
eats the consecrated host?’’ Had later 
scholastics done nothing but “spin la- 
borious webs of learning out of no great 
quantity of matter and infinite agita- 
tion of wit” — to quote Francis Bacon — 
we might pass by with nothing but a 
smile. But such was not the case. The 
syllogism, for example, was applied to 
scientific problems as well as to philo- 
sophical. A good illustration of its use 
is found in the following argument con- 
cerning the antipodes, used by a Spanish 
theologian in the fifteenth century. 
“The apostles were commanded to go 
into all the world and preach the gospel 
to every creature; they did not go to 
any such part of the world as the antip- 
odes; they did not preach to any crea- 
tures there; ergo, no antipodes exist.” 

While the thirteenth century, there- 
fore, undoubtedly gave evidence of the 
dawn of the twilight of a better day, 
full daylight was not to come until many 
storm clouds had passed. In the impris- 
onment of Roger Bacon for “certain sus- 
pected novelties” — as his accusers put it 
— we see a forerunner of the storm which 
nearly three centuries later was to break 
on the head of Galileo. 

Ill 

In the second half of the fourteenth 
century, we have the beginning of the 
period frequently assigned to the Re- 
naissance. With the pioneer work of 
Petrarch, who was not a scientist, this 
is not the place to deal. Indirectly, how- 
ever, the movement with the beginning 
of which he is so closely identified was 
of tremendous importance to the ad- 
vancement of science. Petrarch, in seek- 
ing to recover the spirit of the ancient 
classical world, in applying to historical 
documents the modern scientific method, 
in his refusal to accept Aristotle’s au- 



146 


THE SCIENTIFIC MONTHLY 


thority as final and in his ridicule of 
the universities, the citadels of scholasti- 
cism, did yeoman service to the cause of 
science. And yet neither in the four- 
teenth nor in the fifteenth nor even in 
the sixteenth centuries was there any 
great outburst of what might be called 
modern science. There was progress, to 
be sure, but advances were so slow that 
it is worth while to consider some of the 
causes for the apparent lag of science 
behind other fields. How was it that 
during a period in which there was such 
a remarkable orientation of men’s minds, 
the rebirth of modern science was so 
slow? 

Some of the causes have already been 
indicated j a few others may be briefly 
mentioned. In the first place, during 
the revival of learning, scholars were en- 
gaged in recovering ancient manu- 
scripts; their joy to some extent was 
that of the collector; their interest was 
in the glory of a past civilization as 
much as in the world about them. The 
translations, moreover, were frequently 
faulty; even Petrarch was not a Greek 
scholar and it was not until after his day 
that Latin translations were replaced by 
original and more accurate Greek manu- 
scripts. There was a tendency to sub- 
stitute the commentary on scientific 
works for a direct appeal to nature. 
Even granted a genuine interest in 
science on the part of many scholars, 
time was necessary for the recovery and 
the assimilation of the work of the 
Greeks. Then, too, as some one has said, 
it is (luitc possible to read the classics 
without becoming forthwith Hellenistic 
in one’s attitude of mind — a remark, by 
the way, as applicable to the twentieth 
century as to the fourteenth and fif- 
teenth. A striking example of this is 
found in the fact that as the intellectual 
class gradually included many who were 
by no means theologians, Aristotle be- 
came as great an authority with the 
skeptics as with the scholastics. Aris- 
totle, says Harvey as late as the seven- 


teenth century, “has always such weight 
with me that I never think of differing 
from him inconsiderately.” 

In the next place advances which can 
only be made by the method of experi- 
ment and of observation are necessarily 
slow. Even in the twentieth century, 
with its wealth of aids to investigation, 
years may elapse before accumulated 
facts are correlated in some underlying 
principles. How much more slow, then, 
in days when the telescope and the mi- 
croscope had yet to be invented; when 
there were no thermometers, no air 
pumps; when the pendulum clock had 
not come into existence; when for part 
of the time, there was no printing press. 
A great deal of preparatory work was a 
necessary condition for any striking sci- 
entific advances. Telescopes could not 
be invented without a previous study of 
lenses; for many problems in subjects 
like astronomy improved mathematical 
processes were necessary; and in the 
same subject, the laws governing the 
movements of heavenly bodies could not 
be understood until Galileo and his con- 
temporaries had laid the foundations of 
the science of mechanics. 

Finally, there was much in what we 
might call the Zeitgeist of these centuries 
which operated against the development 
of a pure science. Pew men can rise 
entirely above the common prejudices of 
their day and generation, and through- 
out the Renaissance period many things 
now scoffed at by science were accepted 
without question. A good illustration is 
found in the following quotation from 
Taylor’s “Thought and Expression in 
the Sixteenth Century ’ ’ : 

George Agricola in 1556 published his J)e re 
me tallica f an excellent and complete treatise 
upon everything connected with the mining and 
metallurgy of the time in Germany. It treats 
of the origin of veins and ore deposits, and 
discredits the use of divining-rods to discover 
veins of metal. But it recognizes devils, along 
with bad air and venomous ants, as among the 
pests encountered in mines. 
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Here is another example in the field 
of medicine, “At Florence, the very 
heart of classical enlightenment, in the 
year 1494, when Lorenzo de’ Medici lay 
on his death bed, the last medicine given 
him was a draught of pulverized jew- 
els. “ Still another is found in the case 
of the famous surgeon, Ambrose Par6e, 
who, in spite of his deserved rank as a 
pioneer of modern surgery, believed in 
sorcery as a possible cause of wounds. 
Numerous other illustrations could be 
given to show that few of even the most 
advanced scientists of this period were 
able to throw overboard completely be- 
lief in supernatural agencies. This is 
perhaps not surprising when we reflect 
that in the present day we are not en- 
tirely free from the same attitude. It is 
not difficult to find those who can not be 
persuaded to walk under a ladder, or 
those who, when the table salt spills, 
immediately throw some over their left 
shoulder. People can still be found who 
carry horse chestnuts on their persons 
as a cure for rheumatism, while only a 
few months ago the writer picked up a 
newsx^aper with a full page horoscope 
for the year of our Lord 1925. 

Belief in magic, charms and super- 
natural agencies must not be confused 
with the practices of alchemy and astrol- 
ogy, two semi-scientific pursuits charac- 
teristic both of the latter middle ages 
and the Renaissance. In both of these 
we have at once a help and a hindrance 
to the cause of pure science. In spite of 
the atmosphere of secrecy, of nonsensi- 
cal symbolism, at times even of fraud 
and deception which frequently per- 
vaded the work of the alchemists, their 
number included many who were un- 
doubtedly the founders of modern chem- 
istry. If no great princixdes were dis- 
covered, alchemy was responsible for 
many chemical methods and processes 
which time does not permit to discuss. 

What alchemy was to chemistry, as- 
trology was to astronomy. The influence 
of stars and planets on the fortunes of 


men could not be discovered without ac- 
curate knowledge of the positions and 
movements of the heavenly bodies. As- 
trology, therefore, was a stimulus to the 
cause of observational astronomy and 
herein is possibly one reason why so 
much of the pioneer work in science was 
in that field. On the other hand, the 
casting of horoscopes is not exactly con- 
sistent with the aims and methods of 
modern science and such pursuits did 
little to hasten its arrival. If, however, 
progress during the Renaissance was 
slow, it was real, and a brief reference 
will now be made to the work of a few 
of the outstanding pioneers of that 
period. 

IV 

The first of these is Leonardo da 
Vinci, painter, botanist, biologist, physi- 
ologist, anatomist, physicist and engi- 
neer. In this article our interest is not 
.so much in his actual achievements as 
in his attitude towards the world of na- 
ture. Ho was the very antithesis of 
those who would deduce scientific prin- 
ciples from faulty premises. For him, 
esperienza, a combination of observation, 
experiment and investigation, was the 
only method of arriving at an under- 
standing of the phenomena of nature. 
“Those sciences are vain and full of 
errors,^' he says, “which are not born 
of esperienza, mother of all certitude 
. . . *^ “I will make esperienza before 
I proceed, because my intention is first 
to set forth the facts and then demon- 
strate by reason why such esperienza is 
constrained to work in such fashion, and 
this is the true rule to be followed by 
the investigators of natural phenom- 
ena.’’ Not only did Leonardo both 
preach and practice to an amazing de- 
gree esperienza, but cit the same time he 
emphasized the importance of the quan- 
titative side of physical investigation. 
“There is no certitude where some one 
of the mathematical sciences can not be 
applied.” As an example we may cite 
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Leonardo’s interest in flying machines 
and in the flight of birds. Observation 
alone was not sufficient for a knowledge 
of the laws of flight. ^‘The bird,” he 
says, ”is a machine working through 
mathematical law.” 

And so this marvelous man in a highly 
scientific fashion examined experimen- 
tally almost everything which came into 
his ken. For exact lines in painting a 
knowledge of anatomy is desirable. 
Nothing will do for Leonardo except a 
direct study by dissection of the human 
body, and that, too, in defiance of the 
canons of the church, lie sees in the 
moon an object for investigation and in 
his notes we find the suggestion, ” con- 
struct glasses to see the moon magnified” 
— this, mark you, over one hundred 
years before the invention of the tele- 
scope. To turn from the schoolmen to 
Leonardo da Vinci is like going out into 
the fresh air from a hot and stuffy room. 

From Leonardo we turn to Coper- 
nicus, the first of a series of five men 
whose work brings us into the full day- 
light of modern physical science. Nico- 
laus Copernicus, a native of Poland, 
whose studies in medicine, astronomy, 
mathematics and theology had taken him 
successively to Cracow, Vienna, Bo- 
logna, Padua, Ferrara and Rome, even- 
tually was made canon of Frauenberg, 
where he spent the last thirty years of 
his life. There he found time not only 
for his duties as priest but also for those 
of doctor and astronomer. Although 
neither great as an experimenter nor a 
giant in intellect, he occupies a place in 
the front rank of the pioneers of science. 
As every one knows he came to the con- 
clusion that the sun, not the earth, was 
the center of the solar system, that we 
have to deal with a heliocentric not a 
geocentric system. The idea was not an 
original one — ”I searched among the 
books of the philosophers,” he says, 
” until I found that some of them con- 
ceived the earth to move” — ^but it was 
certainly revolutionary. Just think for 


a moment what it meant. The school- 
men and all later theologians had set the 
seal of an infallible authority on the 
Ptolemaic system. Theology and science 
had combined to construct a soul-satis- 
fying scheme which it became heresy to 
question. Surrounding the earth en- 
throned in the center of the universe 
were nine rotating spheres, seven for 
each of the moon, mercury, venus, sun, 
mars, jupiter, saturn, the eighth for the 
fixed stars, the ninth the crystalline 
sphere — the primum mobile. Beyond 
was the tenth heaven, the immovable 
empyrean, wherein was the throne of the 
Almighty. This system, moreover, as 
elaborated by Ptolemy, was able to ac- 
count at least roughly for the observed 
motion of the planets, to predict eclipses 
and to provide necessary astronomical 
data for the church calendars. Amd in 
the face of all this a quiet studious monk 
dares to suggest that the earth with man 
on it be moved from its all-important 
central position. His reasons are based 
on a thoroughly scientific method. As 
he explains in the preface to his famous 
book ”De Revolutionibus Orbium Celes- 
tium,” dissatisfaction with the “tradi- 
tional mathematical doctrine concerning 
the paths of the heavenly bodies” led 
him to adopt an idea suggested many 
centuries before, and, as he puts it, ”to 
try whether on the theory of the motion 
of the earth more satisfactory explana- 
tions than heretofore might not be found 
for the movements of the heavenly bod- 
ies.” This theory he put to the test 
with the conclusion “that if the move- 
ments of the other planets were referred 
to the motion of the earth in its orbit 
and reckoned according to the revolu- 
tion of each star, not only could their 
observed phenomena be logically ex- 
plained, but also the succession of the 
stars, and their size, and all their orbits 
and the heavens themselves would pre- 
sent such a harmonious order that no 
single part could be changed without dis- 
arranging the others and the whole uni- 
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verse/ ^ It was as if the mantle of Hip- 
parchus had fallen on the shoulders of 
Copernicus. The application of the 
modern scientific method had led him to 
the formulation of a new and revolu- 
tionary theory which better fitted the 
facts. And what were the consequences ? 
Strangely enough, there was apparently 
no great immediate outburst of opposi- 
tion. To be sure there was opposition, 
as will be sufficiently evident from the 
following comment of Luther : ‘'The fool 
will overturn the whole art of astron- 
omy. But as holy writ declares, Joshua 
commanded the sun to stand still and 
not the earth.” But there was no im- 
mediate conflict for reasons some of 
which are not hard to find. Copernicus, 
who for some years had quietly commu- 
nicated his ideas to interested people, 
lived only long enough to see the com- 
pletion of his famous book. lie was un- 
aware that a false paragraph had been 
added to his preface by a Lutheran 
friend to the effect that the theory ad- 
vanced was only a hypothesis, a kind of 
picture puzzle solution of this big astro- 
nomical problem, but by no means a claim 
to be the actual truth. This spurious 
preface, combined with the friendship of 
a cardinal of the church, doubtless did 
much to disarm criticism. His case, 
moreover, was not yet strong enough. 
More accurate observations and a knowl- 
edge of the mechanics of moving bodies 
were necessary to make the case for the 
Copernican theory so strong that an al- 
ternative was not possible. 

Accurate observations were provided 
by Tycho Brahe, a native of Denmark 
and one of the most remarkable astron- 
omers who has ever lived. A man who 
did not accept the Copernican theory, 
who saw in the conjunction of Jupiter 
and Saturn a cause for the great plague, 
who all his life dabbled in alchemy and 
astrology — such a man seems scarcely 
worthy to be ranked with Copernicus. 
And yet his experimental work in point 
of accuracy is so much in advance of 


any of his predecessors that he well de- 
serves the name of the first Astronomer 
Royal. Private means, combined witb 
praiseworthy aid from Frederick II of‘ 
Denmark, enabled him to construct the" 
castle of Uranibourg, a palatial observa- 
tory where for over twenty years witb-- 
improved instruments Tycho corrected 
and extended existing astronomical ob- 
servations to an accuracy hitherto un- 
dreamed of. So renowned was this man 
and his observatory that we read of an 
eight-day visit to Uranibourg by James 
I of England on the occasion of his mar- 
riage with Anne of Denmark. 

After the death of Frederick, evil days 
fell upon Tycho and we read no more of 
his famous castle. In 1599, however, he 
was invited by the emperor of Bohemia 
to settle in Prague, where he spent the 
remaining two years of his life. In this 
brief sketch these two years would not 
be mentioned at all were it not for one 
outstanding event. During that time a 
young German by the name of Kepler 
came to work under Tycho Brahe. Now 
this young man, although no great ex- 
perimenter, had a passion for trying to 
get beneath facts. Is there any law gov- 
erning the distances of the various plan- 
ets from the sun? Is there any reason 
why there should be only six? How are 
the periodic times related to their cor- 
responding distances? Questions such 
as these had been exercising the mind 
of Kepler before he came to work with 
Tycho, and to some of them he had al- 
ready given tentative answers in a book 
published in 1597. To test his theories, 
however, more accurate observations 
were necessary, and so he went to Tycho 
Brahe. A man with a passion for un- 
derlying principles, equipped with keen 
scientific imagination and mathematical 
ability, avails himself of the careful 
work of a brilliant experimenter. The 
result is not surprising. After years of 
patient toiling, of many hypotheses tried 
and cast aside because they did not fit 
the facts, the true law is discovered. It 
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is very brief, and very simple — planets 
move in ellipses with the sun in one 
focus. It is difiScult for those who have 
had little training in physical science to 
appreciate the full beauty of this sweep- 
ing generalization which fitted the facts 
to the high order of accuracy attained 
by Tycho Brahe. One very important 
point, however, can readily be appre- 
ciated, and that lies in the substitution 
of the ellipse for the circle. Aristotle 
had taught, and for centuries it had been 
accepted, that the true and perfect mo- 
tion was circular. Now a simple circu- 
lar motion does not explain the motion 
of the planets and both in the Ptolemaic 
system and the Copernican, combinations 
of circles known as epicycles — ^wheels 
within wheels, so to speak — ^had been 
used. Copernicus had reduced the num- 
ber of epicycles from 79 to 34, and in 
other respects wrought much simplifica- 
tion. Kepler, however, in his discovery 
of the simple elliptical law, at one stroke 
did away with the whole system of epi- 
cycles and at the same time struck an- 
other fatal blow at the authority of Aris- 
totle. It is little wonder that his joy 
over this and other discoveries is un- 
bounded. “Nothing holds me,“ he 
states after solving a problem which had 
proved too much for Alexandrian as- 
tronomers, “nothing holds me, I will in- 
dulge in my fury; I will triumph over 
mankind by the honest confession that 
I have stolen the golden vases of the 
Egyptians to build up a tabernacle for 
my God, far away from the confines of 
Egypt. “ 

Just about the time Kepler was mak- 
ing his brilliant investigations, an Ital- 
ian contemporary, Galileo Galilei, a 
native of Pisa, was startling the world 
with results obtained by looking at the 
heavens, for the first time, through a 
telescope. Galileo began his career with 
the double advantage of a liberal educa- 
tion, including classics and r athematics, 
and of a home influence which stood for 


open inquiry, untrammeled by the au- 
thority of tradition. Although in early 
years destined for business, a wise father 
sent him to the university to study medi- 
cine. But he was one of nature’s born 
investigators, and it was not long before 
he found the natural outlet for his tal- 
ents in the study of physical science. 
Seldom has such study brought so rich 
a reward. Even when a lad of eighteen, 
Galileo’s genius for experimental inves- 
tigation is evident in his observation of 
the swings of the great lamp in the 
Cathedral of Pisa, and consequent dis- 
covery of the isochronism of the pendu- 
lum, a law on which the construction of 
all pendulum clocks is based. This 
marked the beginning of a career in 
which the modem scientific method of 
observation and experiment, of induction 
followed by deduction and experimental 
verification, was constantly in evidence. 
Do bodies fall the faster, as Aristotle 
maintained, the heavier they arc? Ex- 
periment and see, says Galileo, and so 
he climbs to the top of the famous lean- 
ing tower of Pisa, drops simultaneously 
a one pound mass and a hundred pound 
mass. They strike the ground together, 
and thus in the course of a few minutes 
the learned gentlemen who constitute 
the faculty of the University of Pisa 
receive a convincing demonstration of 
the fallacy of the 2,000 year old maxim 
of Aristotle’s. Such experiments are 
followed up by careful investigations of 
the laws of moving bodies, laws with 
which all students of mechanics nowa- 
days must be familiar. In other 
branches of physics the same sound 
methods are applied; in thermometry, in 
hydrostatics, in acoustics, in optics — 
whatever the field, it is approached in 
the same way. The modern physicist, in 
reading Galileo’s writings, feels that 
spiritual kinship which exists between 
men whose aims and methods are the 
same. 
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But it is in the field of astronomy that 
the startling discoveries are made. 
Galileo, hearing of the existence in Hol- 
land of an instrument which magnifies 
distant objects, constructs a telescope. 
A new world is the result. “Many 
noblemen and senators, though of ad- 
vanced age, mounted to the top of one 
of the highest towers to watch the ships 
which were visible through my glass two 
hours before they were seen entering the 
harbor, for it makes a thing fifty miles 
off as near and as clear as if it were only 
five.” The telescope is directed to the 
heavens and a wealth of now knowledge 
is available for the mind of man. There 
are hills and valleys on the moon; not 
only are there spots on the sun, but they 
move; Saturn has rings; Jupiter has 
three or four satellites which revolve 
about her, and Venus exhibits phases 
just like the moon. Predictions of 
Copernicus are verified and for all who 
have eyes to see there is ample evidence 
of the truth of his view of the solar sys- 
tem. But there are those who, having 
eyes, see not, those who harden their 
hearts even in the face of cold facts, and 
these were not wanting in Galileo ^s time. 
His discoveries were too much for the 
reactionaries. Some refused to look 
through the telescope; others said that, 
while it might be all right for terrestrial 
objects, it could not be trusted for heav- 
enly. Some tried to dispose of the mat- 
ter by foolish argument. And the mat- 
ter did not end even there. The Inqui- 
sition took Galileo in hand. It will be 
noted that as the truth of the Coper- 
nican theory became more and more 
evident to men with open minds, the 


opposition of the reactionaries increased. 
Copernicus' famous book was not imme- 
diately placed on the prohibited list; a 
book of Kepler's, giving a clear state- 
ment of the theory, was, however, at 
once put under the ban, while for Gali- 
leo was reserved the distinction of being 
persecuted. After a period, the details 
of which it is as well to omit, Galileo, a 
broken man of seventy years, finally 
recanted. “I abjure, curse and detest 
the said heresies and errors" — this from 
the lips of a man who had once said ‘ ‘ It 
is not in the power of any creature to 
make them to be true or false or other- 
wise than of their own nature and in 
fact they are. ' ' 

But no one knew better than Galileo 
that truth can not ultimately be sup- 
pressed. The apparent victory of the 
reactionaries might delay but it could 
not stop the forward march of science. 
All along the line the dead weight of 
authority and tradition was being cast 
aside. In anatomy Vesalius had broken 
with those who were satisfied with Galen 
and Hippocrates ; in zoology and botany, 
Gesner had become the pioneer of the 
moderns; in 1600 Gilbert had published 
an account of his investigations in elec- 
tricity and magnetism, and in 1628 
Harvey announced his discovery of the 
circulation of the blood. Reactionary 
influences continued, indeed they are 
still with us, but they could not destroy 
the new spirit which was at work in the 
world. In the year in which Galileo 
died, Isaac Newton was born. With that 
great genius we have left the Renais- 
sance far behind and found ourselves in 
the full daylight of modern science. 
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“Thoreau would be a splendid ento- 
mologist if he had not been spoiled by 
Emerson. This remark was once made 
by Dr. Thaddeus William Harris con- 
cerning one of his most valued personal 
friends, Henry David Thoreau. Per- 
haps the words were spoken whimsically 
or in jest, but nevertheless it is probable 
that they contain a germ of truthfulness 
regarding the estimate by Dr. Harris of 
his friend. 

There are few of the present-day ento- 
mological fraternity who possess suf- 
ficient antiquarian tastes to take the 
time or trouble for anything like a seri- 
ous consideration of the lives of the in- 
dividuals who composed the historical 
background of economic entomology in 
this country. These few, no doubt, have 
realized somewhat vaguely that Harris 
and Thoreau were contemporaries. Yet 
scarcely any appear to have appreciated 
the fact that these men were close per- 
sonal friends and that this relationship 
in some degree was of so unique a char- 
acter as to bo worthy of present-day 
attention. 

Doubtless it will possess a value in 
these hectic times of large appropria- 
tions, of extensive personnel and of ex- 
treme specialization to review briefly and 
ponder some of the existing records 
which stress the more outstanding char- 
acteristics that combined to make up the 
splendid comradeship which existed be- 
tween these two old-time naturalists. It 
may be helpful in these strenuous days 
of graphs and charts to endeavor to visu- 
alize in some degree their serene lives 
and philosophy, their plaeid methods of 


study, all unhaunted by present-day 
mathematical formulae or logarithmic 
tables, and their broad outlook upon, and 
cosmopolitan interest in, all nature's 
phenomena. A consideration of their 
lives and achievements may give one a 
feeling akin to sympathy for some of 
those who make a plea that there be, in 
some degree, a renaissance from the 
present-day hair-splitting specialization 
to some of the ideals of the old-time 
naturalist. 

During a considerable portion of the 
active working period of the life of Dr. 
Harris there probably were not a half 
dozen people in this entire country who 
were sufficiently interested in the study 
of entomology to be considered worthy 
of the name of entomologist. Any ade- 
quate consideration of him, therefore, 
during that time necessarily would in- 
clude a history of American entomology 
for the same period, and this fact gives 
especial interest to his career and to the 
friendships he formed with Thoreau, 
Agassiz and others of his time. 

Born in Dorchester, Massachusetts, 
November 12, 1795, Harris was twenty- 
two years older than his friend Thoreau. 
The elder Harris, his father, was a li- 
brarian at Harvard, a Congregational 
minister, a learned antiquarian and 
author of a number of religious and sci- 
entific works, among which was an elab- 
orate work on the “Natural History of 
the Bible." It seems that his mother 
also was more or less interested in mat- 
ters entomological, because for some 
years she was diligent in rearing silk- 
worms. The home environment of the 
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youth, therefore, formed a fitting back- 
ground for subsequent scientific work, 
and it is known that, true to form, the 
lad early began to make a permanent 
collection of insects. He was graduated 
from Harvard in 1815, devoted himself 
to the study of medicine, took his medi- 
cal degree in 1820, married shortly 
thereafter and then began medical prac- 
tice at Milton, Massachusetts. 

It does not appear that he ever became 
really attached to his profession or at- 
tained a really lucrative medical prac- 
tice, and eventually his pecuniary anx- 
ieties became so great that, after consid- 
erable strenuous casting about, he 
secured an appointment in 1831 as li- 
brarian at Harvard College. This posi- 
tion he held during the remainder of his 
life. The daily routine of this work was 
of a character to render it congenial to 
one having such methodical and accurate 
habits of thought as Dr. Harris. The 
library was very small at the inception 
of his period of services, and limited 
funds gave little subsequent opportunity 
for its increase, especially along scientific 
lines, although it grew from thirty thou- 
sand to sixty-four thousand volumes dur- 
ing his lifetime. 

For some years he was also in charge 
of the annual course of lectures on 
‘'natural history,’’ with special lectures 
on botany. Eventually he formed a pri- 
vate class in entomology for the benefit 
of the very few who cared to attend it. 
According to the recollections of one of 
his students. Dr. Samuel H. Scudder,^ 
these classes must have been very delight- 
ful, though progress was slow, ana the 
class did not go beyond the Coleoptera. 
“Dr. Harris,” he says, “was so simple 
and eager, his tall, spare form and thin 
face took on such a glow and freshness 
as he dwelt so lovingly on antennae and 
tarsi, and as he so fondly handled his 

1 Scudder, 8. H. (Ed.) ‘‘Entomological Cor- 
respondence of Thaddeus William Harris," 
Boston, Host. Soc. of Nat. Hist. 1869. 


little insect-martyrs, that it was enough 
to make one love the study for life ! ’ ’ 

It was only by vast labor and pains 
during his spare time that Dr. Harris 
was able to accumulate for his study a 
working collection of specimens and an 
adequate library for his researches. The 
t*esources of the college library and his 
own collection were pitifully inadequate 
for use in a really serious study of ento- 
mology, and it therefore became neces- 
sary for him to prepare from borrowed 
material an extended series of manu- 
script indexes of a large number of the 
principal systematic works on Lepidop- 
tera, Coleoptera and other orders, as 
well as general works on entomology. 
These manuscript books eventually be- 
came extensive in number and are now 
in the archives of the Boston Society of 
Natural History. “So beautifully exe- 
cuted is all this laborious work,” says 
Scudder, “that it is as easily accessible 
as print, though the earlier sheets are 
yellow and tom.” Since all this work 
was gratuitous and entirely independent 
of his regular duties as librarian and 
instructor, one can well imagine that a 
man of meager pecuniary means with a 
family of twelve children to share his 
time and resources must have had very 
little time or money for the pursuit of 
such a hobby, no matter how engrossing 
or fascinating such an avocation was cer- 
tain to be to a person of his training and 
tastes. 

In 1831 he prepared a catalogue of 
insects, which was published as an ap- 
pendix to Hitchcock’s “Massachusetts 
Geological Report.” Later he was ap- 
pointed by the state of Massachusetts a 
member of a commission to make a more 
thorough geological and botanical survey 
of the state. It was while he was per- 
forming this work that he brought to- 
gether his noted classic, “Report on In- 
sects Injurious to Vegetation.” This 
report was first published in full in 
1841, the section on beetles previously 
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having appeared in 1838. In 1842 it was 
reprinted as ^‘treatise"’ instead of “re- 
port’’ and again reprinted in a revised 
form in 1852. The entire sum received 
from the state for this labor was $175. 
The work was reprinted by the state 
after his death in its present form, with 
wood engravings so beautifully executed 
as to mark an epoch in that art. Says 
Dr. L. 0. Howard® in 1899 : 

The practical value of Dr. Harris ’s work has 
been vast. His scientific reputation has stead- 
ily grown. Uis book is to-day as valuable as 
it was when first written, more than fifty years 
ago. On entering any entomological workshop 
in the land the first book that will catch the 
eye upon the desk is a well worn copy of the 
''Treatise upon insects injurious to vegeta- 
tion. * ' 

In studying the writings of Dr. Har- 
ris, it will be found that his generaliza- 
tions have stood well the test of subse- 
quent and more elaborate research. It 
has been said of Harris that his * ‘ insight 
into nature and the relations of affinity, 
although they might be based upon a 
meager series of natural objects, was 
truly enviable.” It seems, however, a 
great loss to the advancement of knowl- 
edge that the maturity of Dr. Harrises 
powers should have been diverted for so 
much of the time from his zoological 
studies and that such a large part of his 
time should have been, as it were, wasted 
on routine drudgery which might have 
been performed by some mediocre help- 
ers. Yet, with all its disappointments 
and misfits, his life could hardly be re- 
garded as unhappy. If he could not be 
wholly a naturalist, yet there is no doubt 
that he found enjoyment in being a li- 
brarian. In view of his inheritance and 
his training he seemed to be born with a 
librarian’s interest in alcoves and 
pamphlets and endless genealogies. It is 
known that he kept his offieial records 

2 Howard, L. O. " Progress in Economic Ento- 
mology in the United States. '' Yearbook U. 8. 
Dept. Agriculture, 1899, pp. 135-156. 1900. 


with exquisite accuracy and described 
his methods on occasions to fellow- 
librarians as sympathetically and as lov- 
ingly as if he were describing a most 
delicate chrysalis. 

Although the general health of Dr. 
Harris was good during the greater part 
of his life, yet the habitual overwork to 
which he was subjected led to occasional 
nervous exhaustion and to severe head- 
aches. During his last years he was the 
victim of heart disease and pleurisy, with 
other complications. His last illness be- 
gan in November, 1855, and he died of 
heart disease on January 16, 1856, in his 
sixty-first year. 

The impossibility of attempting to 
compress within a few brief paragraphs 
an adequate outline of any human life 
is realized with an especial feeling of 
despair in the case of such a strongly 
marked individuality as was that of 
Thoreau. Born near Concord, Massachu- 
setts, July 12, 1817, of American parent- 
age descended from Scotch and French 
ancestry, Thoreau spent his childhood 
and youth in poverty, though in a pas- 
toral country amid scenes of placid 
beauty. In this environment he early 
became passionately devoted to a study 
of the varying aspects of nature and to 
the delights of solitude, and when only 
twelve years of age he began to make 
collections for Agassiz, who had just then 
arrived in America. During his entire 
life the woods and meadows, hedges and 
swamps, streams and lakes of his beloved 
Concord were sources from the sympa- 
thetic study of which he obtained a fund 
of rare knowledge and to which he con- 
stantly turned for consolation and in- 
spiration. He was graduated from Har- 
vard in 1837 and for some years there- 
after was engaged in teaching. Later he 
became a professional surveyor, which 
work was more congenial than the school- 
room in that it gave him a longed-for 
opportunity to tramp over the fields and 
scramble over the hills and to devote 
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long hours to intensive study of plants, 
birds, insects and other natural phe- 
nomena. Ilis observations were recorded 
daily in his journal, and this writing was 
done with a sympathy, an insight and a 
fidelity to detail seldom equalled else- 
where and the contents often were 
couched in language of rare beauty. 
This journal, in its original form consist- 
ing of thirty large manuscript volumes, 
published in 1906, comprises over 7,800 
printed octavo pages. It was begun in 
1837 in his twentieth year, continued un- 
interruptedly down to his death and cov- 
ered a period of twenty-five years. In 
some respects it is probably one of the 
most extraordinary productions in Amer- 
ican literature. During the later years of 
his life, Thoreau spent the greater part 
of his time as lecturer and author. His 
“Week on the Concord and Merrimack 
Rivers, “ issued in 1849, is a narrative of 
a boat trip taken with his brother in 
August, 1839, and is full of admirable 
description and minute observations of 
nature, with occasional digressions into 
philosophy, history and classical litera- 
ture. His second book, “ Walden, 
issued in 18*^4, is an account of the 
author’s residence for two years, begin- 
ning in 1845, as a naturalist and writer, 
in a tiny hut on the shores of a small 
pond near his native village. This is his 
most popular work and is “recognized 
as one of the most original and sincere 
publications in American letters and one 
of the most genuine of woodland books. ’ ’ 
Only these two volumes were issued dur- 
ing his lifetime, though others were post- 
humously edited from the journal ac- 
counts of some of his short expeditions 
over New England, notably “Excur- 
sions,” 1863; “The Maine Woods,” 
1864; “Cape Cod,” 1865; “Spring,” 
1881; “Summer,” 1884; “Winter,” 
1888, and “Autumn,” 1892. The in- 
creasing interest in Thoreau and the 
growing appreciation of the permanent 
value of his work on the part of the pub- 


lic were evidenced by the publication of 
the Riverside edition of his works in 
eleven volumes in 1896, and the new and 
complete “Walden” edition in twenty 
volumes in 1906.^ This edition includes 
the publication, for the first time, of the 
journal in its entirety as written and 
this comprises fourteen of the volumes. 
Some of his best essays are perhaps not 
to be excelled in American literature, 
and, as one writer has put it, “it may be 
doubted whether the work of any of his 
contemporaries is wearing so well. ’ ’ 

Said Emerson concerning him : 

It was a pleasure and a privilege to walk 
with him. He knew the country like a fox or 
a bird, and passed through it as freely by 
paths of his own. He knew every track in the 
snow or on the ground, and what creature had 
taken this path before him. Under his arm he 
carried an old music book to press plants; in 
his pocket his diary and pencil, a spy-glass for 
birds, microscope, jack-knife and twine. He 
drew out of his breastpocket his diary and read 
the names of all the plants that should bloom 
on this day, whereof he kept account as a 
banker when his notes fall duo. The cypri- 
pedium not due till to-morrow, lie thought 
if waked up from a trance in this swamp, he 
could tell by the plants what time of the year 
it was within two days. 

There were people who criticised 
Thoreau as being an eccentric loafer or 
an impractical dreamer. It is not known 
who all these were. Apparently their 
sole claim to immortality lies in the fact 
that they criticised Thoreau. “The cur 
barks at tlie moon, but the moon still 
shines on. ’ ’ On the other hand, scarcely 
ever was a man more fortunate in the 
character of his friendships or more pro- 
foundly influenced by them. Perhaps, 
too, there scarcely ever was a man more 
fully appreciative of them. In addition 
to Harris, it is known that Thoreau was 
on terms of more or less intimate friend- 
ship with, and that a number of his field 
and woodland expeditions were taken in 

8 * * The Writings of Henry David Thoreau. * * 
Walden edition, 20 volumes. Boston. Hough- 
ton. 1900. 
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the company of, such stimulating and 
inspiring associates as Ralph Waldo 
Emerson, Louis Agassiz, William Ellery 
Channing, A. Bronson Alcott, Margaret 
Fuller, Edward Hoar, Louisa May 
Alcott, Nathaniel Hawthorne, Frank B. 
Sanborn,* Horace Greeley, Walt Whit- 
man, Daniel Rickctson, H. G. 0. Blake 
and Thomas Chohnondeley. One might 
envy those old-time observers both their 
associations and the comparatively vir- 
gin field in which they worked did not 
one realize how truly to-day the great 
ocean of truth still lies all undiscovered 
before us.” 

Curiously enough, in 1861, Thoreau, 
who had spent the greater part of his life 
in the open, contracted tuberculosis — a 
fact in defiance of our modem notions 
regarding control of that disease. After 
a heart-breaking trip to Minnesota in 
vain search for a more favorable climate, 
he returned to Concord and died there 
on May 6, 1862, in his forty-fifth year, 
having outlived his friend by only seven 
years. At the time of his funeral Emer- 
son said of him ; 

The country knows not yot, or in the least 
part, how great a son it has lost. His soul was 
made for the noblest society; he had in his 
short life exhausted the capabilities of the 
world; wherever there is knowledge, wherever 
there is virtue, wherever there is beauty, he 
will find a home. 

The temptation to a compiler is very 
great to quote copiously from the refer- 
ences in Thoreau 's journal to his friend- 
ship with Dr. Harris. Limitations of 
space and a wholesome fear of the edi- 
torial blue pencil, however, forbid more 
than the inclusion of a few of the more 
typical records of the visits and conver- 
sations of these two friends. It is easy 
from these scattered entries to visualize 
tlie free and easy comradeship which ex- 
isted between them and to apprehend 
something of the zest and delight with 
which at every meeting they discussed 

^Sanborn, F. B., ‘‘Life of Henry David 
Thoreau.” Boston. Houghton. 1917. 


and pored over their entomological trea- 
sures. Especially evident always are the 
care manifested by that bom teacher, Dr. 
Harris, in imparting knowledge to his 
younger associate fully and clearly from 
his vast fund of information and the 
sympathetic interest manifested by him 
in the identification of material brought 
in to him from time to time in earlier 
years by his prot6g6. The following 
passage, under date of July 26, 1852, 
from the Journal (v. 4, pp. 259-260), is 
typical of this : 

Went to Cambridge and Boston to-day. Dr. 
Harris says that my great moth is Attacui 
luna; may be regarded as one of several em- 
peror moths. They are rarely seen, being very 
liable to be snapped up by birds. Once, as he 
was crossing the College yard, he saw the wings 
of one coming down, which reached the ground 
just at his feet. What a tragedy! The wings 
came down as the only evidence that such a 
creature had soared — ^wings large and splen- 
did, which were designed to boar a precious 
burden through the upper air. So most poems, 
even epics, are like the wings come down to 
earth, while the poet whose adventurous flight 
they evidence has been snapped up by the 
ravenous vulture of this world. If this moth 
ventures abroad by day, some bird will pick 
out the precious cargo and lot the sails and 
rigging drift, as when the sailor meets with a 
floating spar and sail and reports a wreck seen 
in a certain latitude and longitude. For what 
were such tender and defenseless organizations 
madef The one I had, being put in a large 
box, beat itself — its wings, etc. — all to pieces 
in the night, in its efforts to get out, depositing 
its eggs, nevertheless, on the sides of its prison. 
Perchance the entomologist never saw an en- 
tire specimen, but as he walked one day, the 
wings of a larger species than he had ever 
seen came fluttering down. The wreck of an 
argosy in the air. He also tells me the glow 
worms are first seen, he thinks, in the latter 
part of August; also that there is a large and 
brilliant glow worm found here, more than an 
inch long, as he measured it on his finger, but 
rare. 

It appears that other and random top- 
ics of conversation on such visits also 
made sufficient impression upon the 
mind of the writer to be recorded, for, on 
January 1, 1853,® he says: 

5 “Journal,” v. 4, pp. 439-440. 
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Being at Cambridge day before yesterday, 
Sidley told me that Agassiz told him that Har- 
ris was the greatest entomologist in the world, 
and gave him permission to repeat bis remark. 
As I stood at the top of a ladder, he came 
along with his hand full of papers and in- 
quired, *‘Do you value autographs!'' “No, 
I do not," I answered slowly and gravely. 
^*Oh, I didn't know but you did. I had some 
of Governor Dunlap," said he, retreating. 

And again, on February 9, 1853 

At Cambridge to-day. Dr. Harris thinks the 
Indians had no real hemp but their apocynum, 
and, he thinks, a kind of nettle, and an ascle- 
pias, etc. He doubts if the dog was indigenous 
among them. Finds nothing to convince him 
in the history of New England. Agassiz asked 
him what authority there was for it. Thinks 
that the potato which is said to have been car- 
ried from Virginia by Raleigh was the ground 
nut (which is described, I perceived, in Debry 
(Heriotf) among the fruits of Virginia), the 
potato not being indigenous in North America, 
and the ground-nut having been called wild 
potato in New England, the north part of Vir- 
ginia, and not being found in England. Yet 
he allows that Raleigh cultivated the potato in 
Ireland. 

There are also occasional entries, 
which at first may come as a bit of sur- 
prise to a professional entomologist, that 
the young man should find it necessary 
to go to his mentor for identification of 
material now considered exceedingly 
common. It should be realized, however, 
that notes like the following were made 
seventy-two years ago and concerned 
species that possibly may have been com- 
paratively rare at that time : 

To Haverhill via Cambridge and Boston. Dr, 
Harris says that that early black-winged buff- 
edged butterfly is the Vanessa antiopa, and is 
introduced from Europe, and is sometimes 
found in this state alive in winter. The orange- 
brown one with scalloped wings, and smaller 
somewhat, is Vanessa progne. The early pestlo- 
shaped bug or beetle is a Ciomdcla, of wliich 
there are three species, one of them recognized 
from a semicolon-liko mark on it.*^ 

To Boston. Channing says he saw skater in- 
sects to-day. Harris tells me that those gray 

•“Journal," v. 4, p. 491. 

^ April 11, 1853, “Journal," v. 5, p. 109. 


insects within the little log forts under the bark 
of the dead white pine, which I found about 
a week ago, are Rhagium lineatwn,^ 

Went to Cambridge to court. Dr. Harris 
says that my cocoons found in Lincoln in De- 
cember are of the Attacus oeoropia, the largest 
of our emperor moths. Ho made this drawing 
of the four kinds of emperor moths which he 
says we have. The oeoropia is the largest. The 
cocoon must be right end uppermost when they 
are ready to come out. The A, promethea is 
the only moth whose cocoon has a fastening 
wound around the petiole of the leaf, and round 
the shoot, the leaf partly folded around it. 
That spider whose hole I found, and which I 
carried him, he is pretty sure is the Lyoosa 
fatifera. In a large and splendid work on the 
insects of Georgia, by Edwards and Smith (!) 
near end of last century, up -stairs, I found 
plates of the above moths, called not Attaous, 
but Phalaena, and other species of Phalaena, 
Ho thinks that small beetle, slightly metallic, 
which I saw with grubs, etc., on the yellow lily 
roots last fall was a Donax or one of the 
Donasia (!).® 

One can well picture the delight and 
the enthusiasm with which congenial 
spirits would discuss a finding of such 
momentous importance as the following : 

Dr. Harris described to me his flnding a new 
species of Cicindela at the White Mountains 
this fall, the same of which ho had found a 
specimen there some time ago, supposed to be 
very rare, found at Peter's River and Lake 
Superior; but he proves it to be common near 
the White Mountains.*® 

Or the intensity of interest with which 
they would debate some such point as the 
following : 

Saw at Farmer's, his snow-grubs — the same 
I had soon (Vide back). Harris, in this week's 
New England Farmer, thinks, on comparing 
them with English plates, that they are the lar- 
vae of one of the species of cranefly (Tipula), 
I saw some still in F's pasture. Did they come 
out from the roots of grass prematurely in the 
winter, and so become food for birds!** 

• March 13, 1854, “Journal," v. 6, p. 166. 

• January 19, 1854, “Journal," v. 6, p. 73. 

*®Nov. 28, 1853, “Journal," v. 5, pp. 521- 

522. 

iiAprU 1, 1854, “Journal," v. 6, p. 181. 
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Or, again, their penchant for compari- 
son of data like the entry for June 13, 
1854 :^'-* 

Caught a locust — properly harvest fly (Ci- 
cada)— drumming on a birch which Bacon and 
Hill (of Waltham) thinks like the septendeoim, 
except that ours has not red eyes but black 
ones. Harris’s other kind, the dog-day Cicada 
(canicularis) , or harvest-fly. Ho says it begins 
to be heard invariably at the beginning of dog 
days; he (Harris) heard it for many years in 
succession with few exceptions on the 25th of 
July. 

And, January 16, 

To Cambridge and Boston. Carried to Har- 
ris the worms — brown, light striped, and fuzzy 
black caterpillars (ho calls the first also cater- 
pillars) ; also two black beetles; all which I 
have found within a week or two on ice and 
snow; thickest in a straw. Showed me, in a 
German work, plates of the larvae of dragon 
flies, and ephemarae, such us I see — or their 
cases — on rushes, etc., over water. Says the 
ant-lion is found at Burlington, Vermont, and 
may be at Concord. 

The creaking or shrilling of crickets 
long appeared to possess a fascination 
for Thoreau, for he has referred to it 
again and again in his writings in en- 
tries which were scattered over a long 
period of years. Occasionally he speaks 
of it in words of rare beauty and high 
poetic import. A large volume might 
well be filled with quotations from his 
Journal on this topic alone. Perhaps the 
following, chosen at random, will indi- 
cate their general tenor: 

As I climbed the hill again toward my old 
bean-flold, I listened to the ancient, familiar, 
immortal, dear cricket sound under all others, 
hearing at first some distinct chirps; but when 
these ceased I was aware of the general earth- 
song, which my hearing had not heard, amid 
which these were only taller flowers in a bed, 
and I wondered if behind or beneath this there 
was not some other chant yet more universal. 
Why do we not hear when this begins in the 
spring? and when it ceases in the fall? or is it 
too gradual ?i* 

12 << Journal, ” v. 6, p. 348. 

18 “Journal,” v. 7, p. 116. 

1^ June 13, 1851, “Journal,” v. 2, p. 254. 


And: 

Be ever so little distracted, your thoughts so 
little confused, your engagements so few, your 
attention so free, your existence so mundane, 
that in all places and in all hours you can hear 
the sound of crickets in those seasons when they 
can be heard. It is a mark of serenity and 
health of mind when a person hears this sound 
much — in streets or cities as well ns in fields. 
Some ears never hear this sound; are called 
deaf. Is it not because they have so long at- 
tended to other sounds? 

Why was there never a poem on the cricket? 
Its creak seems to me to be one of the most 
prominent and obvious facts in the world, and 
the least heeded. In the report of a man’s 
contemplations I look to see somewhat answer- 
ing to this sound. 

It is evident that Thoreau and Harris 
included the topic in some of their long 
all-embracing conversations. Under 
date of October 19, 1857,'® is this entry : 

Harris says the crickets produce their shrill- 
ing by shufiiing their wing -covers together 
lengthwise, I should have said it was side- 
wise, or transversely to the insect’s length, as 
I looked down on it. You may see these crick- 
ets now everywhere in the ruts, as in the cross- 
road from the turn pike to the Great Jload, 
creeping along, or oftenest three or four to- 
gether, absorbed in feeding on, t.c., sucking the 
juices of, a crushed companion. There are two 
broad ruts made by oxcarts loaded with muck, 
and a cricket has been crushed or wounded 
every four or five feet in each. It is one long 
slaughter-house. But as often as a cart goes 
by, the survivors each time return quickly to 
their seemingly luscious feast. At least two 
kinds are there. 

Occasionally he dwells in characteris- 
tic strain upon sounds made by other 
insects. Can we imagine a twentieth 
century orthopterist at the close of a 
busy day in the field methodically mak- 
ing an entry like this in his notes:'® 

The crackling flight of grasshoppers is a 
luxury; and pleasant is it when summer has 
once more followed in the steps of winter to 
hear scald cricket piping a Nibelungenlied in 

15” Journal,” v. 10, p. 108. 

15 “Journal,” v. 1, p. 57. 
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tho grass. It is the most infinite of singers. 
Wiselier had the Greeks chosen a golden cricket, 
and let the grasshoppers eat grass. One opens 
both his ears to the invisible, incessant quire, 
and doubts if it be not earth herself chanting 
for all time. 

There is no doubt but that matters 
other than those entomological engrossed 
a portion of their attention when to- 
gether. Witness the entry under date of 
December 7, 1854 

Harris tells me that since ho exchanged a 
duplicate Jesuit Relation for one he had not 
with the Montreal men, all theirs have been 
burnt. He has two early ones which I have 
not seen. 

One thinks, parenthetically, that the 
two friends surely would have gloated 
over it could they have been permitted 
to live long enough to see and study the 
monumental translation of that volumi- 
nous mine of historical and biological 
information, ‘^The Jesuit Relations, 
which work has been so ably performed 
in our own generation by that eminent 
historian, Reuben G. Thwaites. 

It will be remembered in this connec- 
tion that Dr. Harris, by virtue of his 
position as librarian, was often consulted 
as an expert in genealogical matters and 
that his interest in the subject w^as very 
real is evidenced by the fact that at tlic 
time of his death he had in course of 
preparation a very elaborate genealogical 
history of the Mason family. If he was 
forbidden by a perverse fate to be en- 
tirely an entomologist, he could yet de- 
rive enjoyment from his position as a 
librarian. Indeed the versatility of his 
interests is indicated more than once in 
the records left by his friend. Instance 
the note regarding his botanical observa- 
tions. 

After discussing in some detail the 
plants in Andromeda Ponds, Thoreau 
adds:'® 

37 ''Journal,'' v. 7, p. 80. 

18 January 24, 1855, " Journal, v. 7, pp. 
138-139. 


Dr. Harris spoko of this andromeda as a 
rare plant in Cambridge. There was one pond- 
hole where ho had found it, but he believed they 
had destroyed it now getting out the mud. 
What can be expected of a town where this is 
a rare plant? Hero is Nature ^s parlor; hero 
you can talk with her in the lingua vernacula, 
if you can speak it — if you have anything to 
say — in her little back sitting-room, her with- 
drawing room, her keeping room. 

In connection with the publication of 
tlie famous treatise by Dr. Harris on 
‘‘Insects Injurious to Vegetation’’ we 
find a characteristic comment. Surely 
Thoreau must have had his tongue in his 
check when he penned these words 

We accuse savages of worshipping only the 
bad spirit, or devil, though they may distin- 
guish both a good and bad; but they regard 
only that one which they fear and worship the 
devil only. We too are savages in this, doing 
precisely the same thing. This occurred to mo 
yesterday as I sat in the woods admiring the 
beauty of the blue butterfly. We are not 
chiefly interested in birds and insects, for ex- 
ample, as they are ornamental to the earth and 
cheering to man, but we spare the lives of the 
former only on condition that they eat more 
grubs than they do cherries, and the only ac- 
count of tho insects which the State encourages 
is of tho "Insects Injurious to Vegetation." 
We too admit both a good and bad spirit, but we 
worship chiefly the bad spirit, whom we fear. 
Wo do not think first of the good but of the 
harm things will do us. 

The catechism says that tho chief end of man 
is to glorify God and enjoy him forever, which 
of course is applicable mainly to God as seen 
in His works. Yet the only account of its 
beautiful insects — butterflies, etc. — which God 
has made and set before us which the State 
ever thinks of spending any money on is tho 
account of those which are injurious to vege- 
tation 1 This is the way we glorify God and 
enjoy Him forever. Come out of the herd and 
behold a thousand painted butterflies and other 
beautiful insects which people the air, then go 
into tho libraries and see what kind of prayer 
and glorification of Gcd is there recorded. 
Massachusetts has published her report on "In- 
sects Injurious to Vegetation," and our 
neighbor tho "Noxious Insects of New York." 
We have attended to tho ovil and said nothing 
about the good. This is looking a gift horse 

19 May 1, 1859, "Journal," v. 12, pp. 170- 
171. 
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in the mouth with a vengeance. Children are 
attracted hj the beautj of butterflies, but their 
parents and legislators deem it an idle pur- 
suit. The parents remind me of the devil, but 
the children of God. Though God may have 
pronounced His work good, we ask, ^‘Is it 
poisonousf 

There are occasional present-day un- 
lovely exliibitions of professional jeal- 
ousy, those straws on the stream indi- 
cating the character and trend of the 
current beneath, that tend sometimes to 
make one wonder if it would not produce 
a salutary and wholesome effect upon 
some members of the twentieth century 
scientific fraternity occasionally to re- 
view for purposes of emulation some of 
these old-time friendships with their 
freedom from such strains of coarseness. 
Thoreau, always keenly sensitive to the 
touch of every form of beauty, has writ- 


ten much of friendship and its loveliness, 
descriptive of such as existed between 
Harris and himself. Perhaps some dis- 
gruntled individuals might have to 
stand on tiptoe even to read words like 
the following about a contemporary,*® 
written by the man who might have been 
''a splendid entomologist if he had not 
been spoiled by Emerson’’: 

As surely as the sunset of my latest Novem- 
ber shall translate me to the ethereal world, 
and remind me of the ruddy morning of youth; 
as surely as the last strain of music which falls 
on my decaying ear shaU make age to be for- 
gotten ... so surely my Friend shaU for- 
ever be my Friend and reflect a ray of God to 
me, and time shall foster and adorn and con- 
secrate our Friendship. ... As 1 love nature, 
as I love singing birds, and gloaming stubble, 
and flowing rivers, and morning and evening, 
and summer and winter, I love thee, my Friend. 

20‘<Week,»^ p. 303. 





GEOLOGIC ROMANCE OF THE FINGER LAKES 
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Superlatives have been exhausted in 
praising the Parallel Lakes of New York. 
They deserve the praise. But the beauty 
of the lakes and the charm of their set- 
ting are not more deserving than is the 
dramatic story of their making. 

In the lakes themselves there is no 
mystery. The water-bodies merely fill 
the land depressions to overflowing. The 
romantic interest lies in the origin and 
history of the basins which hold the 
lakes. 

A misleading theory in former years, 
which yet appears in print, claimed that 
the basins were scooped out by a plow- 
ing action of the ice sheet of the Gla- 
cial Period. This explanation, which 
was even applied to the great Ontario* 
basin, was a popular and easy way of 
avoiding a complex problem in New 
York physiography. The fact that the 


bottom o-f Lake Cayuga is fifty-four feet 
below ocean level, that of Seneca one 
hundred and seventy-four feet, and that 
of Ontario nearly five hundred feet, was 
the singular and puzzling feature. But 
the Quebec glacier, which overspread 
New York and New England and which 
admittedly had some abrading effect, 
was not guilty of the valley deepening; 
although it had some part in producing 
the basins. 

The purpose of this writing is to 
describe the formation of the Finger 
Lakes basins — a romance in geology. 
The physical conditions and the length 
of time are so far beyond human ex- 
perience that to appreciate the facts of 
the story requires of the reader some 
mental exorcise, with constructive imagi- 
nation. Many people do not like facts, 
if new, but i)rofcr a world of unreality. 



Fig. 1. LATE TERTIARY, OB PBEOLACIAL, DRAINAGE OF CENTRAL AND 

WESTERN NEW YORK 

Glacial DRirr has so ohscured the ancient river courses, especially over a wide belt 
NEAR Lake Ontario, that the mapping is PAimAr^LY hypothetic 

UU 
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Fio. 2. FINGER LAKES AND PHYSIOGRAPHIC BELTS IN CENTRAL NEW YORK 

If the reader happens to be of the latter nature, surpasses any fiction of man’s 
class he would better break away right invention. 

here. Yet the story, like many truths of We are so familiar with many lakes, 
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Fig. 3. PROFILE OF LAKE REGION {SHOWING DEPTH AND GREATE{ST WIDTH OF 
LAKES. BASK LINE IS SEA LEVEL 


lar^o and small, that they seem to be 
normal and permanent features. On the 
contrary, they are unusual, exceptional 
and transitory. Excepting? the peculiar 
ones in Florida and on the Missis- 
sipj)i delta there are few lakes to- 
day in America, outside of glaciated 
territory. The ox-bows in the flood 
plains of rivers are not count ( hI. 

Most takes may be defined as expan- 
sions of streams. But the basins or 



Fig. 4. DKTRITAL FILLING AT THE 
HEAD OF SENECA LAKE 


reservoirs are not made by the streams in 
normal flow. Some external interfer- 
ence or damming effect is necessary. 
Streams can not permanently dam 
themselves. Ice-jams, log-jams and land- 
slides make temporary reservoirs. The 
singular and beautiful lakelets near 
Syracuse, one in a state park, oecupy 
cataract plunge-basins, and are of very 
exceptional and interesting character. 
With their bounding cliffs they are 
fossil Niagaras. To-day Niagara Falls 
is drilling a similar bowl. The Syracuse 
basins were carved by rivers which in 
function were true predecessors of 
Niagara. They were held up in forced 
flow by the front of the waning glacier. 
l*erhai)s they are the best example of 
streams making basins. But these lake- 
lets did not exist while the rivers were 
flowing. 

In regions of land movement, as moun- 
tain districts, basins are .sometimes pro- 
duced by the bending and the breaking 
of the earth’s cru.st. The Jordan Valley 
and Dead Sea is example of the latter. 
The basin of Lake Superior is thought 
to be due in part to crustal warping. 
But the basins of the Finger Lakes are 
in practically horizontal strata, lifted 
out of the sea and without serious 
deformation. 

As reckoned in geologic time, lakes are 
short-lived. They disappear cither by 
the downcutting of their outlets or by 
the filling of their basins. Sand and 
silt are swept in by streams and by 
winds in arid regions, and vegetable 
growth assists the filling process. Shal- 
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low lakes which recently existed in some 
of the New York valleys have already 
become plains or swamps. The exten- 
sive plains at the heads of the Finp^er 
Lakes, Seneca and Cayuga, for example, 
show the rapid filling by the detritus 
swept in by the inlet streams. 

The scores of thousands of lakes and 
lakelets in our northern states and 
Canada came into very r(‘eent (existence 
with the melting away of the Canadian 
ice sheets. Previous to the glacial in- 
A^asions there were few, if any, lakes in 
eastern America. This implies that the 
Finger Lakes are not old. Indeed, they 
are very young, speaking in geologic 
lingo. Their life is reckoned only in 
tens, or at mfwt, in scores of thousands 
of years. Rut the valleys in which they 
lie have been in the making for un- 
counted millions of years. The Finger 
Lakes are about the latest geologic fea- 
tures in the state. The cataracts and 
canyons are younger. Lake Ontario is 
the youngest great physiographic feature 
in America. 

The origin of the Parallel Valleys 
must first be learned, and then how they 
came to be dammed. This series of 
j)arallel valleys is x'**<>hably the most 
notable in the world. That may sound 
like American bravado, but the challenge 
stands. Starting with the upjier Tona- 
wanda (Attica) valley on the Avest, and 
passing eastward, the other pronounced 
valleys are: Oatka (WarsaAv) ; Genesee; 
Conesus; Hemlork; Canadiee ; Iloneoye; 
Mud Creek (Bristol) ; Canandaigua; 
Flint Creek (Gorham-Orleans) ; Kfuka; 
Seneca; Cayuga; Owasco; Skaneatelcs; 
Otisro; Onondaga; Butternut (Janies- 
ville) ; Limestone (FayettcAullc) ; Chit- 
teiiango; Oowaselon; OneUla. The val- 
leys Avhich noAv hold lakes are marked by 
italics. (See figure 1.) 

All these valleys drain northward into 
Lake Ontario. The series might fairly 
include a number west of the Tona- 
wanda, that sAving around into Lake 


Erie, and others on the east which lead 
into the Mohawk River. Some of the 
valleys, as the Oatka, Genesee and Flint, 
once held lakes that are now represented 
by plains. 

The making of these no-rth-leading val- 
leys is a part of the story which makes 
demand on the scientific imagination. 
The history covers the many millions of 
years since eeniral and western New 
York Avere permanently lifted out of the 
sea. The clear record of the long marine 
submergence is seen in the rock strata, 
seA^eral thousand feet in thickness, filled 
Avith remains of the varied life of the 
ancient seas. Remnants of the nearly 
horizontal strata constitute the broad, 
arching ridges between the valleys, with 
elevations up to- oA^er two thousand feet 
above sea-level. The valleys are the 
positive effect, having been carved by 
atmospheric and stream erosion out of 
the uplifted land. 

When the area of the western part of 
New York had been permanently raised 
out of the sea it Avas a vast plain, declin- 
ing southward. The Ontario and Mo- 
haAvk valleys did not exist. All the 
stream drainage of the area was south- 
ward, from Canada across New York 
into Penn.sylvaniH. A wide belt of com- 
])aratively Aveak rocks lay east and west 
AAdierc the Ontario and MohaAvk valleys 
are noAv. In that belt the east and Avest 
tributaries of the primitiA^e south-flow- 
ing riATFs had an advantage, on account 
of the weaker resistance of the underly- 
ing rocks. They cut doAvn faster and 
ea])iured, or ‘‘beheaded,^’ the riA’ers 
from Canada and developed the east- 
and-A\T.st depression that initiated the 
Ontario and Mohawk valleys. 

Eventually a great trunk river, Avhich 
we call Ontarian, occupied the depres- 
sion that is now the Ontario Valley, 
probably floAving AvestAvard to the Missis- 
sippi. Of course this great valley had 
tAvo Avails or drainage slopes. On the 
south Avail, sloping northward, the 
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slroams flowed northward into the 
Ontarian River. Durinj^ the long geo- 
logie time, probably part of the Meso- 
zoie Era, or Age of Reptiles, and cer- 
tainly during the succeeding long Ter- 
tiary P(»riod, or Age of Mammals, the 
Ontario Valley w«as deepening and 
widening. Its tributaries from the south 
were doing the same, and by headAvard 
erosion Avere eating back, soutliward, 
into the highland of th(» southern belt. 
Eventually these north-flowing rivers 
deeply intrenched the highland, even 
into PennsyWania. Thus all AA^estern 
Ncav York and a belt of northern Penn- 
sylvania was drained north into either 
the Ontarian or the Brian rivers (See 
the map, figure 1). 

It must be recognized that tliis north- 
ward Ncav York drainage was the reverse 
in direction of the original, or primitive, 
floAV on the old coastal plain. Of course 
the Canadian streams retained their 
southward flow, as seen to-day, until they 
reached the Ontarian River. The upper 
Susquehanna and its upp(ir tributaries 
arc probably persistent examples of the 
primitive soutlnvanl flow, but they have 
been beheaded by the Mohawk, floAving 
eastAvard. 

The parallel A^alleys oC New York aamtc 
carved in preglacial time by north-floAv- 
ing rivers; with the possible excerption of 
Canandaigua and Keuka valleys, AAdiich 
a])pear to ha\'e retained, through some 
distance, the primitiA^e soutlnvard flow. 
But even their streams became tributary 
to the nortliward flow (figure 1). If avc 
ever have a geographic survey of the 
buried rock topography it Avill doubtless 
shoAv that the bottoms of the Irondc- 
quoit, Seneca and Cayuga valleys are 
grad(*d to the bottom of Lake Ontario. 
This Avill fully account for the depths of 
the unfilled portions of these valleys. 

One surprising element in the reversed 
drainage, shown in the map, was the 
capture of the old Susquehanna River. 
First it was diverted to AvestAvard floAv, 
as retained to-day, through Binghamton, 
Owego and Waverly. But it is believed 


that it AA^as turned northward at Elmira 
and did the chief work of deepening the 
Sen<^ca Valley. We might call this great 
rKer the Seiu'cahauaa, or the Susque- 
seneca. Most of the northward drainage 
in New York appears to have been con- 
centrated ill the (icnesoe and the Sus- 
(pieseiu*ca. 

We now have found the origin of the 
parallel valleys. Three questions now 
occur. Why the valleys are cut bcIoAv 
sea-1 ev(‘l ; Iioav they Avere dammed, to 
hold lakes; and the cause of the digital 
arrangement, lik(i fingers on the palm of 
the hand. 

It is difficult for people in quiet por- 
tions of the continent to realize that the 
land is not fixed and eternal. People 
in eartlujuake-riddeii areas knoAv better. 
Even continental areas move sloAvdy up 
and down. During the long cons while the 
valleys Avere making, the land of eastern 
America Avas probably seesawing, up and 
down, as it had been doing in earlier 
time. ♦Fust previous to the Glacial Period 
it i)robably stood much higher than it is 
to-day, i)Ossibly tAvo or three thousand 
feet. Certainly the bottom o-f the On- 
tario Valley was high enough to allow 
efficient floAv to the sea of the Ontarian 
RiA’er. During the long earlier hislorj’’ 
of the north-floAving rivers, Avith lower 
and more steady position of the land, 
the A^alleys Avere greatly Avidened. Later, 
by the Tertiary uplift, the rivers AA’ere 
enlivened or rejuvcuiatt'd, and they saAved 
doAvn more rapidly, producing the nar- 
roAver, and steep(‘r-w ailed, bottom sec- 
tions of the valleys. 

Rivers are the valley-mak(»rs. Moun- 
tain or Alpine glaciers modify the val- 
leys Avhich they occupy. They are chiefly 
agents of transportation. Their minor 
Avork of erosion tends to Aviden rather 
than deepen their channels. They 
change stream, or V-shaped valleys, into 
U-shaped. But the ice Avork in Ncav York 
AA’^as not that of stream glaciers but that 
of a widespread or continental ice-sheet. 
It had little power of deepening valleys, 
but was effectiA^e rather in filling and 
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damming the valleys. Lobations of the 
ice margin pushed into the old valleys, 
during both the oncoming and the re- 
cession of the glacier. But the lobes, 
pushing up the valleys, with imprisoned 
lakes facing them, were heavily loaded 
with rock-rubbish (glacial drift), and 
had little power of erosion. Moreover, 
the bottom ice in the deep valleys is be- 
lieved to have been comparatively stag- 
nant, stTving as the bridge for the flow 
of the plastic upper ice. When the ice- 
sheet was thick it moved southwestward, 
or diagonally across the central valleys. 
And, as noted above, the later lobations 
wej‘o too heavily loaded with bottom drift 
to do effective cutting. They piled their 
drift burden mostly in the hummocky 
deposits that now make the divides or 
water-parting south of the lakes (see 
figure 2). 

In g(»neral the ice-sheet had only a 
smoothing or sandpapering effect on the 
land surfaces. It rubbed down the pro- 
jections and filled the depressions, thus 
producing the remarkably uniform curv- 
ing surfaces which give the slojies of the 
Fing(»r Ijakes valleys their graceful out- 
lines. 

During the later stand of the Quebec 
ice-sheet it completely filled the northern 
ends of the valleys with its drift deposit, 
forming the wide plains north of the 
lakes. This drift filling makes the dams 
that hold the lakes. 

In addition to this northern blocking 
of the valleys another agency has liclped 
to make the basins. This is the tilting 
uplift of the land. The weight of the 
Quebec ice-cap, many thousand feet 
thick, depressed the land. When the ice 
was removed the land rose, slantingly in 
New York. The amount of slant, or up- 
tilting, has raised the north ends of 
( -ayuga and Seneca lakes about eighty 
feet more than the south ends. As the 
outlets are at the north ends it is evi- 
dent that the land movement is partly 
responsible for the lake basins. 


However, the “basin’^ character has 
been overemphasized. A true vertical 
profile of the basins shows that they are 
comparatively shallow. If the depth of 
Lake Seneca (618 feet) be represented 
on a diagram by one inch, then the 
length of the lake (thirty-six miles) 
Avould b(! twenty-six feet. On the same 
seale the length of (h\yuga w^ould be 
forty feet. And if the dei)th of Ontario 
be diagrammed as one foot, the length of 
the lake would be nearly one fourth of 
a mile. Evidently, no appeal is neces- 
sary to a fanciful deepening by ‘‘glaeial 
erosion.^’ 

Tlie singular direction of the central 
valleys, converging northward, is an 
cifect of the stream fiow being directed 
by the general sloj)e of the broader land 
surfaces; and the latter being deter- 
mined by the character of the roeks in 
which the valleys were carved. As 
staled above, the oast and west Ontario- 
Molunvk depr(*ssion was initiated on the 
outcro})ping belt of weak strata, and it 
became the master valley because of the 
great thickness of these non-resistant 
strata. In Now York tlu'se weak strata 
are thickest on tlie rnoridiaii of Seii(*ca 
and Cayuga lakes, where in the vertical 
series of five thousand one hundred and 
fiftj" feet of strata, between the Trenton 
limestone below and the Portage sand- 
stone above, four thousand five hundred 
feet are weak shah‘s, three hundred and 
fifty feet soluble limestone and only two 
liundred and fifty feet sand.stone. Conse- 
quently the south wall of the great 
Ontario Valley in the district of the 
(■ayuga and Seneca tributaries receded 
rapidly, producing the decided concavity 
as shown by the south shore of the 
present lake. Natuially the northward 
stream-flow was direct(*d by the prevail- 
ing land slopes and converged toward the 
district of more rapid erosion. 

The complex history of the Finger 
Lakes may be summarized as follows : 
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(1) The original drainage on the uplifted 
seji-bottom, or coaHtal plain, was southward 
across New York from Canada. Only a few 
renmants of that primitive flow now exist in 
western New York, with the upper Susquehanna 
and its tributaries in the eastern district. 

(2) K\ obit ion of the great east-andwest 
Ontario Valley, in a wide belt of weak rocks, 
shales and limestone, by the Ontiirian Kiver, 
beheaded the Canadian rivers. 

(3) Northward tributaries of the Ontarian 
Ttiver, on the south side of the expanding val 
ley, ate back (southward), by head wmters 
erosion, into the Allegany Plateau, even to 
IVnnsv Ivaiiia. In tliis way was developed the 
remarkable series of parallel valleys; the re- 
verse, in direction, of the original drainage 
(tigun* 1). 

(4) High elevation of eastern America, in 
later Tertiary time, enlivened the rivers by in- 
creasing their fall to the sea, and hence their 
velocity. This caused rapid down cutting of 
the valleys (tigiire 3), so producing the steeper 
low’er walls of the central lakes, and the con- 
vexity of the slopes. 

(o) The high elevation of eastern America, 
poflsilily accompanied by a slight lowering of 
world climate, prodma'd vast and deep ice 


sheets. The latest one, the Quebec glacier, 
overspread New York, and subdued the state to 
the same condition that Greenland now suffers. 

(6) In the wmniiig of the Quel)ec glacier and 
the recession (northward) of its south front, 
it served ns a barrier in all of the north-sloping 
valleys. Glacial lakes W’crc* thus held in all 
the valleys, and the present lakes are lineal 
ilesceiidants of tin* ice bound lakes. 

(7) During pauses in the recession of the 
ice front the lieavy load of rock rubbish was 
])iled in the valleys. One great series of these 
frontal moraines is the heavy lillings south of 
the lakes. Another forms the wide plain that 
buries the north ends of the valle.vs, and pro- 
duces the lake basins. (See figure 2.) 

(8) Northward uptilting of the land since 
the w'eight of the iec-cap has been removed has 
lifted the north ends of the lakes, thus pro- 
ducing some increase in their depth. 

(fl) The filling j>roc<*ss, by inwash of detritus 
and the accumulation of jicat, has already ob- 
literated some of the shallow’er lakes, and has 
made a beginning on the destniction of the 
remaining lakes. Witness the extensive yilains 
at the heads of Canandaigua, Seneca, 
and Owasco Lakes (figure 4). 
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On tlic twenty-second of August, two 
years ago, tlic country was very much 
excited about Mars. The ruddy planet 
shone brilliantly in the niglit sky, for it 
was only thirty-four million miles away, 
closer tlian it had been for many years 
or would be for many years to come. 
Much that was said about it was sound, 
scientific fact, but there was also much 
that was not so scientific; as, for in- 
stance, the discussion as to the possibil- 
ity of the Martians, if there arc any, 
communicating with us by radio! 

But the astronomers, quietly working 
in the observatories, were not interested 
in these speculations, for they were too 
busy watching the planet through their 
telcscofies, photographing it, measuring 
its heat ami performing a host of other 
processes with the distant planet as their 
subject. PerhaiJS there is life on Mars 
or on some of the other planets, but the 
astronomer, as such, is not concerned in 
knowing whether there is or not. He 
can measure the light of the planet or its 
color, but the question of whether or not 
there are intelligent beings there is be- 
yond the reach of his instruments, and 
so lie does not bother about it. 

Mars, this summer, will be a brilliant 
object in the morning sky. By autumn, 
it will be visible in the eastern sky late 
in the evening, until November 4, when 
it will be directly south at midnight and 
visible throughout the night, its brilliant 
red color leaving no doubt as to its iden- 

1 Broadcast from Station WCAP^ Washing- 
ton, D. 0., under the auspices of the National 
Research Council and Rcicnco Service and the 
direction of W. E. Tisdale. 


tity. To those who watched Mars in the 
summer of 1924, it now comes as an old 
friend returning after many wanderings. 
On the 27th of October, 1926, when it 
will be closest, it will have more than 
completed an entire circuit of its orbit, 
traveling more than a billion miles, since 
the night of August 22nd, 1924. In the 
same time, the earth will have traveled 
more than a billion and a quarter miles 
in its orbit. 

Last September, when Mars was on 
the side of the sun directly opposite the 
earth, the two planets were farthest 
apart — over 230,000,000 miles separating 
ns from each other. But now, Mars is 
again coming close, and on the 27th of 
October it will be but w42, 624, 200 miles 
from us, farther than in 1924, but better 
for astronomical observation, despite the 
additional distance, because of the way 
the earth ^s atmosphere lets its light in 
to us. 

On account of the atmospheric 
blanket which surrounds the earth, we 
can sec a star better when it is directly 
overhead. When it is down near the 
horizon, its light passes through a much 
greater thickness of air, and much of the 
light is absorbed, a fact apparent to any 
one who has seen the sun just before 
setting. 

Stars, and planets likewise, appear 
fainter and more unsteady when they 
arc near the horizon. This summer Mars 
will be considerably higher in the sky 
for observers in northern countries than 
it was in 1924; and as most of the 
worlds observatories are located north 
of the equator, the planet will be better 
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situated for observation, despite its 
gi’eater distance — about 2*5 per cent, 
greater than in 1924. Already the great 
telescopes have been trained on it, and 
perhaps the coming months will add as 
much to our knowledge of the planet as 
did the summer of 1924. 

Of most popular interest w^hen we 
speak of Mars are the so-callcd * ‘ canals. ^ ’ 
Discovered in 1877 by the Italian astron- 
omer Schiaparelli, they have since been 
a bone of contention among astronomers. 
One group has supported the views of 
the Italian, while and her has doubted 
their very existence, claiming that those 
wiio thought they saw them w'ere the 
victims of an optical illusion. 

But in 1921 better instruments than 
ever before were trained on the planet 
and the canals were reobserved by as- 
tronomers who had seen them before. 
Others wdio had previously been skepti- 
cal saw them for tlie first time. At the 
great Lick Observatory of the University 
of California, situated on Mt. Hamilton, 
near San Jose, California, Professor R. 
J. Trumpler watched the planet with the 
thirty-six inch telescope and was well 
rewarded for his pains. He made many 
tlrawiiigs of the canals and what he sixw 
Mas verified by Professor W. If. Picker- 
ing, at the branch station of the Har- 
vard College Observatory at Mandeville, 
Jamaica, who was also making drawings 
of tho planet at the same time. Both 
observers, though thousands of miles 
away, saw the same things ! 

However, a photograph is often ac- 
cepted in a court of law as the best pos- 
sible evidence, and when one sees a j)ho- 
tograph of the "‘canals,’' it would seem 
that there is no further question of their 
existence. But good photographs of 
Mars, even with the finest instruments, 
are not easily made. While the plioto- 
graphie plate has replaced the human 
eye to a great degree in most branches 
of astronomy, observations of the plan- 
ets arc still best performed visually, and 


tho best photograph of Mars that has 
ever been made shows but a small frac- 
tion of the detail that can be perceived 
by a trained observer, when looking 
through a powerful telescope. 

One reason for this is the red color of 
the x>l«nct. Of all colors, red has the 
least effect on the ordinary photographic 
plate; hence a red light is used in the 
dark room, and when a photograx)h is 
made of Mars, the exposure must be very 
much longer than if the planet w^ere 
blue, for example. While the exposure 
is being made the planet moves slightly, 
but this docs not produce as serious an 
effect as the atmosphere of the earth. 
Continually in motion, the layers of dif- 
ferent temperature in the air bend the 
rays of light from the planet first one 
way, then another, so that sometimes the 
edge of the object is sharp and distinct, 
and tho next moment it seems to “boil.’' 

When an experienced observer looks 
at such an object, the occasio?ial glimpses 
that he gets when the “seeing” is good, 
suffice to give him an accurate idea of 
the general appearance. The i)late, how^- 
ever, can not select the most favorable 
moments, but must take the combined 
ai)pea ranee over a period of at least sev- 
eral seconds. 

Despite these difficulties, photographs 
have been made which reveal the mark- 
ings, called canals, and in fact, they had 
been made before 1924. In 1916, when 
Mars was almo.st as close, Mr. E. C. 
Slipher, at the Lowell Observatory at 
Flagstaff, Arizona, succeeded in record- 
ing them on the sensitive emulsion of the 
photographic plate. In 1924 he made 
still others, and Dr. Trumpler, at the 
Ijick Observatory, also made pictures 
which reveal them, so it is unlikely that 
any astronomer will suggest in the future 
that the canals are optical illusions. 
This does not necessarily prove them to 
be artificial, and the general idea is that 
they arc due to some unknown, but nat- 
ural cause. 
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Photographs by light waves vibrating 
too fast or too slow to be perceptible to 
the eye gave valuable information to the 
astronomers wlieii Mars paid its last 
visit. 'File earth's atmospliere reflects 
violet and the invisible ultra-violet light, 
but transmits the red and infra-red. Dr. 
W. H. Wriglit, of the Lick Observatory, 
took his camera and made photographs 
of the town of San Jose, which can be 
seen from tlic mountain. He used spe- 
cial Alters a]id plates and made pictures 
by ultra-violet as well as infra-red light. 
Although the day was not especially 
hazy, in the ultra-violet pictures the town 
is completely obs(*urod by what appears 
to be a dense fog; while those made by 
infra-red rays show the details of the 
town as though but a few feet distant. 

Then Dr. Wright u.scd the same Alters 
and plates in the telescope to photograph 
Mars, and then? also he found that ])lane- 
tary markings which were distinct with 
the red were entirely obliterated when 
the violet was used. As this was at 
night, when the earth’s atmosphere was 
not illuminated, the effect was therefore 
almost certainly due to an atmosphere on 
Mars, similar to ours. But even more 
striking was the effect obtained when 
half of an infra-red picture was joined 
to lialf of one by ultra-violet light. In- 
stead of matching, the ultra-violet image 
was considerably larger! This, then, 
was the Martian atmosphere, and by 
measuring the diameter of the planet in 
the two pictures the actual height of the 
layer of air on our neighbor was deter- 
mined. 

But even if the air is there, it might 
not be of (piite the Siimc composition as 
ours, nor maal it be as dense. Indeed, 
observations made in 1924 at the Mt. 
Wilson 01>servatory, by Dr. Walter S. 
Adams and Dr. Charles E. St. John, 
have deAnitely c.stablished, they claim, 
that the water vapor and oxygen content 
in Mars' atmosi)here represents only a 
small percentage of that found in the 


earth's atmosphere and is probably even 
rarer than that at the summit of Mt. 
Everest. 

‘‘The quantity of water vapor in the 
Martian atmosphere at the time of ob- 
servation," says Dr. Adams, "was 6 per 
cent, of that over Mt. Wilson, or 3 per 
cent, of that over Pasadena. These re- 
sults would indicate desert conditions 
over at least the greater i)ortion of Mars. 
Measurements of the quantity of oxygen 
indicate a presence of lA x>er cent, of 
that over an ociual area of the earth's 
surface." 

There remains one other factor that 
makes life x)ossible, and that is tempera- 
ture, so it is not surprising that efforts 
have been made to And out what the 
thermometer would read on Mars, if 
there were a thermometer there and .some 
one to read it! Dr. W. W. Coblentz, of 
the Bureau of Standards, did this at the 
Lowell Observatory with Dr. C. 0. 
Lamplaml. Using a very delicate instru- 
ment, known as the thermocouple radi- 
ometer, attached to the forty-inch re- 
flecting telescope, he was able imt only 
to measure the average temperature of 
the planet, but even to select certain 
areas and And out whether or not Mar- 
tians in a certain section of the planet 
were suffering from a heat wave ! 

‘‘Thes(* measurements show," accord- 
ing to Dr. Coblentz, "that the bright 
regions are cooh'r than the dark regions ; 
that the sunrise side of the planet is at 
a lower temperature than the side under 
the afternoon sun; and that the polar 
regions are cold, emitting no planetary 
radiation, and having temperatures 
down to perhaps 90 degrees below zero 
Fahrenheit. The temperature of the 
dark part of the sunrise side of the 
planet is very low, probably down to 75 
degrees below zero, Fahrenheit. The 
average of the measurements indicate 
that the temperature of the brightly illu- 
minated surface of Mars is not unlike 
that of a cool, bright day on this earth. 
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with temperatures ranjpng from 40 to 
60 degrees Fahrenheit. ^ ^ 

Mars, then, does not seem to have con- 
ditions greatly different from those of 
parts of the earth. It is somewhat 
c(X)ler, as it is fifty million miles farther 
from the sun than we are, more than 
half again as far from the source of 
energy of all the planets, but does that 
preclude the possibility of life there? 
When wo consider the great variety of 
conditions that man is capable of sur- 


viving and the still greater variety that 
other forms oElifc can stand, it does not 
require any wild feat of the imagination 
to picture there some living organism, 
I^ossibly much more primitive and quite 
different from any tiiat we know. But 
the astronomers do not concern them- 
selves with these imaginings. They arc 
speculations, and the silent men in the 
observatories still continue to seek the 
facts that may come out of their re- 
searches. 


HOW PLANTS BEHAVE WHEN DISEASED 

By Professor B. M. DUGGAR 

WASllINfJTON nNIVEll.SITY AND MlSSOtlUl BOTAXU’AI. GAHDEN 


To you of the I’adio audience who may 
already know much about the diseases of 
plants I must apologise for selecting so 
l)road a subject, for this is i)rimarily 
addressed to those who liave watched 
plant behavior less closely. We begin 
with the thesis that plants always be- 
liave, that is, they react, to sunshine and 
darkness, to drought and rain, to the 
food substances that may be supplied by 
way of the soil, and in far more diverse 
ways they react to the germs and other 
agents of disease that beset them on 
every hand. 

The amateur flow er lover, who watches 
every plant and bloom, knows the sig- 
nificance of blight and mildew, and the 
commercial grower of grain or fruit 
must nowadays be something of a spe- 
cialist in rusts and leaf spots. And why ? 
It is because the sum of the losses 
throughout the country, from such mal- 
adies, reaches a staggering figure, per- 
haps nearly a billion dollars annually, 
to say nothing of the agony of spirit 
which is the only loss registered by the 
amateur. There have been years when 
in the United States alone the grain 
rusts caused a loss estimated at $67,000,- 


000. The potato blight lias taken a toll 
of around $40,000,000 annually. 

If there were for plants as a wliolo so 
few diseases as there are for liuman 
beings it would be a far simpler matter 
to learn about tlicm, but practically 
every cultivated plant has its own par- 
ticular round of diseases — its measles, 
diphtheria, scarlet fever and smallpox, 
we might say ; but actually we Imve very 
distinctive names based upon the be- 
havior of the plant affected. For exam- 
ple, there is the mildew of rose, the leaf 
curl and the browui rot of peaches, the 
blight of apples and pears, the tip burn 
of potato, the crown gall of grape, the 
witches bnxmi of cherry, tlie white leaf 
spot of violets, the black knot of plum, 
tlie mosaic of tobacco, the smut of corn, 
and literally thousands of others too 
numerous to distinguish by popular 
terms alone. 

Now these terms — rot. spot and wdiat 
not — indicate how^ the plant is behaving, 
and always there is loss of production 
of flowers or fruits or whate'ver may bo 
the harvest. When the peach leaves 
^‘curl,^^ they later fall and there is no 
crop. When the rose shoots mildew, the 
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blossoms arc imperfect. Even if the 
damage is relatively slight, who wants to 
buy scabby apples or blighted tulips? 

Not only are the effects of plant dis- 
ease so diverse, but the progress of 
disease in any particular case may be 
very rapid or very slow. Down through 
tlie Shenandoah Valley recently there 
w as celebrated a great apple flower fele. 
In all that region the bees are busy 
gathering honey and incidentally polli- 
nating those flow^ers. But if the fruit 
growers were not diligent, and if there 
were here and there in the orchards 
blighted trees of pear or a])ple wliieli 
might be visited by the bees, the germs 
of blight would be spread far and wide. 
In a few wx^eks the dreaded fire blight 
would, as it were, sweep through the* 
orchards, with a loss almost as great as 
from frost. This is an example of (piick 
effect. 

On the other hand, out there in the 
w^oods is a beech tree with a wind-broken 
stub of a branch. The stub dies and the 
fine mould like strands of a fungus giw 
into the wood of the stub, later into the 
living tree and gradually year after year 
the wood within decays. There comes a 
storm, and such a tree has lost its re- 
sistance ; it falls easily before the wind. 
Then, if not before, we dis(‘over the 
cause, and sec that the insidious agent 
of disease is as slow and yet as sure as 
cancer. 

When I spoke a moment ago of the 
blight of apple and pear, we were deal- 
ing with a disease caused by a germ in 
the truest sense of the word. The organ- 
ism causing this disease belongs to the 
same family of little germs as that caus- 
ing tuberculosis of man, the bacteria. It 
is one of a great number of plant dis- 
eases due to different species of bacteria, 
and bacteria, you know, are very simple 
in form and microscopic in size. 

The majority of plant diseases are 
caused by organisms that bear the name 
fungi, but not all fungi are disease pro- 


ducers. There are a few fungi familiar 
in the home, such as the bread or cheese 
moulds. From the standpoint of the 
complexity of living things these fungi 
are a little more respectable than bac- 
teria. In many cases we can see the 
growth readily, even the vegetative 
growth, and in general this vegetative 
stage is in reality a vast entanglement of 
little threads. The disseminating bodies 
are minute spores. 

Perhaps we can best illustrate these 
causes of disease by considering another 
case, and since the apple has been under 
discussion I will take the appk rust as 
an example — and, T must admit, a very 
curious example. The disease is almost 
uncanny in its behavior. At this season 
of the year it is not to be found on the 
apple at all but on the cedar instead. 

If you go out into the woods now^ 
where cedars and crab apples abound, 
you will find on the little branches of 
the cedars certain galls as large as wal- 
nuts — cedar apples they are called. 
After a rain, a little later in the season, 
these galls will exude great orange- 
colored horns, bearing millions of spores 
that will spread this disease to apples, 
as WT shall see, in the orchards about. 
In other words, these cedar apples are 
just a peculiar growth of the ce<lar twig 
when infested with and permeated by 
this fungus. The spores from these 
cedar ap])les fall upon the young ai)ple 
leaves, and there they grow into the liv- 
ing tissues. When summer comes, such 
affected leaves will show conspicuous 
orange spots, indicating a vigorous de- 
velopment of the fungus within. Both 
leaves and fruit may be affected and the 
damage in premature leaf drop and in 
fruit injury may be great. But before 
the leaves fall another type of spore is 
produced, and this must be carried by 
wind or rain back to the cedar, w^herc 
another infection and growth of galls 
will occur. It is clear that when we 
know the life histories of these diseases — 
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or whence they come and where they go, 
and the time of it all — we shall know how 
and when to strike with preventive or 
remedial agents. 

So far we have been speaking of bac- 
terial and fungus diseases. We might 
almost say that we have tamed most of 
those. But there is anotlicr class of dis- 
eases phenomenal in every way. These 
arc the so-called mosaic diseases. They 
are generally highly contagious, and any 
one can pick out the diseased plants 
yards away by the yellow and green, 
blotched appearance. The plants do not 
die, but they do not produce efficiently. 
I'liere are such diseases of tobacco, to- 
mato and potato, sugar cane and corn, 
bean and cucumber, columbine and Poin- 
settia. The potato with such a disease 
is often said to be running out or deteri- 
orating, tomatoes produce only during 
the first part of the season, and the 
columbine fails to flower. 

The remarkable thing is that the 
causes of these diseases are agencies- so 
small or so peculiar that in no case have 
they been recognized with certainty 
under the microscope. We think it is 
beyond the power of tlie microscope to 
recognize them, that is, they are ultra- 
microscopic. This seems to plac(» such 
causes of disease among what have been 
called virus diseases, of which there are 
several conspicuous examples among man 
and higher animals, such as smallpox, 
measles, rabies and others. 

In the case of the mosaic of tobacco, 
for example, we know that the virus is 
transferable by insects which feed on 
the plant juices by pricking tiny holes 
in the leaves or stems. We know' about 
the behavior of such a virus outside of 
the plant, because we can extract the 
juices of infected plants and then inocu- 
late them into liealthy plants and thus 
determine whether the virus is still 
active or not. But there is a solemn 
mystery about the thing, just as there is 
about Wee, about electricity. Imagine 


working with a disease germ that you 
are not able to visualize or perceive in 
any way except by seeing the behavior 
of a plant that is inoculated with it. We 
think that if we can solve the riddle of 
such virus diseases of plants we may be 
able to cast a flood of light upon the 
virus diseases of the human being. 

Of course, we <;ould eradicate apple 
rust in any region by destroying the 
cedar or eliminating the cedar galls. We 
control quite satisfactorily, by spraying, 
the more widely distributed diseases of 
the grape, of the apple, of the potato 
and of many other staple crops, and 
there has sprung up around this system 
of control an enormous industry in 
fungicides and fungicide machinery. 
We can not readily and practically con- 
trol by spray methods the rusts of 
grain, peach yellows, the wilt of cotton, 
the various mosaic diseases and hosts of 
others. Look back a few years when our 
eastern w'oods were stocked with chest- 
nuts. These are all gone or going, and 
a single disease, the chestnut blight, is 
the cause. Gradually, liowcver, through 
the development of the n*search work 
that is being conducted in plant breed- 
ing and genetics we are realizing that 
varieties resistant to diseases may be 
found or may be ])roduced in a large 
number of cases and that our ultimate 
coiupiest of such diseases must be 
tlirough the propagation of resistant 
iflants. In all the great domain of plant 
diseases there is no single case of immu- 
nity in the sense that a fdant once dis- 
eased will become immune to further 
attacks of the same disease. The prob- 
lem of acciuired immunity so well defined 
in man and animals is then unknow n in 
the plant kingdom. We may expect, 
therefore, that the same tree or bush or 
plant will be affected year after year if 
the disease germs reach it and if the 
weather conditions are favorable for the 
development of the malady. 
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Pew persons outside of those actually 
in contact with the work realize, I dare 
say, the extent of the organization now 
in existence, functioning, as far as pos- 
sible, to get new light on plant disease 
and to keep disease away from crops. In 
tlie U. S. Department of Agriculture, in 
the various state agricultural colleges 
and experiment stations and in many 
endowed educational institutions 
throughout the country, there arc con- 
siderably more than a thousand trained 
scientific men devoting their time and 
energies to this work. That, remember, 
is merely the scientific side of it. 

Fifty years ago there was in this coun- 
try but a single student of plant diseases, 
Parlow, at Cambridge. A few years 
later Burrill, at the Thiiversity of Illi- 
nois, recognized and described the first 


bacterial disease of plants. Shortly 
thereafter the Department of Agricul- 
ture and several other experiment sta- 
tions entered the field, and now the 
organization for plant disease study in 
the United States is first in the world. 

Perhaps it is true that the prevalence 
of fungus diseases in the United States 
has been the animating factor in our 
superb organization for research. We 
should bear in mind, however, that with 
all our present knowledge of plant dis- 
eases the problem of control will always 
remain, just as with human diseases. 
Some few diseases may be eradicated, 
and the vast majority may be satisfac- 
torily' — though often at considerable 
cost — controlled, but still others have 
baffled the best-laid plans of the pa- 
thologist. 



THE PECULIARITIES OF THE SENSATION 

OF COLD 


By Professor D. FRASER HARRIS 

EAST GRIN STEAD, SUSSEX, ENGLAND 


It may seem a curious thing to say 
that, although there is no such thing as 
cold in the sense that there is heat, yet 
“sve have in the body nerves for the sen- 
sation of cold. Let us try to make this 
mystery plain. 

According to the present views of 
physicists, cold has no objective or 
‘‘rear^ existence: whereas there is such 
a thing as heat and yvo can measure it. 
There are, moreover, nerves for the per- 
ception of heat. 

Although there is no objective cold, 
there are nerves for perceiving cold. 

Heat can be made to enter or leave a 
body; but as there is no such thing as 
cold apart from sensations, cold can not 
enter or leave a body. 

Just as there is light and a nerve of 
vision wherewith to see light, so there is 
heat and there are nerves for the sensa- 
tion of heat ; but since there is no objec- 
tive, external cold, it is remarkable that 
there should be nerves for the purpose 
of perceiving cold. 

Heat is a more or less violent disturb- 
ance of the molecules of matter — gas, 
liquid or solid — and it can be trans- 
ferred from one mass of matter to an- 
other. A change of temperature is the 
sign that heat is being transferred from 
the hotter to the colder body. 

When tw^o bodies are at the same tem- 
perature, there is no transference of 
heat between them. 

Temperature is to heat what a head 
of pressure is to water in movement. 

If we plunge a hot poker into- cold 
water, the poker will lose heat and fall 
in temperature, the water will gain heat 
and rise in temperature. 


The human body can absorb heat from 
the sun, fires, hot baths, etc., and W'e 
have the sensation of warmth in conse- 
quence: here heat is coming into the 
body. But the body is always produc- 
ing heat, and heat therefore is always 
leaving the body; for if it did not, but 
accumulated continuously, the heat 
would in a few days cremate the living 
body. 

If there is plenty of w^arm blood in 
the skin we feel w^arm as when we flush 
or blush; although heat is leaving the 
body; and conversely, when there is lit- 
tle blood in the skin, as in blanching 
and an ague-fit, we feel cold. 

Some heat is leaving the body all the 
time; and yet we are not cold all the 
time: so long as there is a moderate 
amount of blood in the skin we feel com- 
fortable and neither too hot nor too cold. 

When under any circumstances the 
animal heat is carried off very rapidly, 
as into air w^hen we rush through it in 
a motor car or to water a*s in a cold bath 
or to a solid w hen we sit on a cold stone 
scat, then we say, '‘it^^ is cold, W'c 
“feer’ cold, we “are” cold, although 
there is no real cold in the outer world. 

It is, therefore, not only the loss of 
heat but the rate of that loss which de- 
termines how cold w'c feel. 

Thus when wt» place our hands in ice- 
cold w^ater, we say it is much colder than 
ordinary drinking w^ater only because in 
the former case heat is leaving the skin 
at a much faster rate than in the latter. 
It is a question of the rate of the trans- 
ference of heat through the skin, and of 
the amount of blood in the skin at the 
time ; for when there is plenty of blood 
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in the skin, as in blushing, we say we 
feel warm, although heat is leaving the 
body ; but when there is not much blood 
in the skin and heat is still leaving it 
as in ague, we say we feel cold. 

In any case, when w^e feel cold there 
is no such thing as external cold co-ming 
into our bodies from outside; on this 
both physicists and physiologists are 
agreed. 

Let us consider one more case; sup- 
pose w'e close our eyes, and place the 
hand in oil at exactly the temperature 
of the body, w’e shall feel the hand 
neither hot nor cold, and we may not be 
aware of the presence of the oil at all. 
It mu.st be quite a familiar experience 
that if we happen to cut a finger pain- 
lessly and without noticing the flow of 
blood, we do not feel the blood at all, 
and only know we have cut our finger 
by happening to see the bhxxl some- 
where, Blood at exactly the tempera- 
ture of the body is not felt ; as regards 
the body it is neither hot nor cold, and 
this state of physiological Laodiceanism 
is not perceptible. We seem, then, to be 
able to distinguish four cases: 

(1) When heat comes in through the 
skin, we feel hot; 

(2) When heat goes out through the 
skin, we sometim(*s feel cold ; 

(3) When heat goes out through the 
skin, at other limes we feel hot. And 

(4) w'hcn heat neither comes in nor goes 
out, w^e have no thermal sensations at all. 

Our scuisations of heat or cold (1h(»rm- 
esthesia) w'ould seem to depend on the 
transference of heat and not on its di- 
rection across the skin. 

The amount of blood in the skin is a 
pow’erful factor determining our sensa- 
tions as to cold and therefore our opin- 
ion as regards the comfort, for instance, 
of a room. Thus, suppose a person has 
been sitting in a room without a fire 
doing hard mental w^ork or having an 
ague-fit, he will be “cold all over’’; 
even if his head is warm, his feet are 
cold ; he is quite uncomfortable and says 


the room is cold and needs a fire. Just 
as he is about to light it, some one may 
come in from a brisk walk all aglow 
with plenty of blood in the skin who 
will at once pronounce the room quite 
warm and not in the least in need of a 
fire: it is a question of relativity. But 
the temperature of the room is exactly 
the same fot both men. 

The presence of blood in the skin will 
make a person feel warm, for a time at 
least, wdiatever be the thermal state of 
his environment, even although heat is 
continuously leaving the body. 

Let us now carry out a very simple 
experiment : suppose w^e place in a basin 
of water at room temperature one finger 
previously chilled by ice-water, and an- 
other previously w^irmed by hot; then 
the water will appear hot to the cold 
finger and cold to the warm finger. Yet 
of course the water can only be all of 
one temperature : the sensations are 
called contrast effects; but they are an- 
other case of relativity. Evidently the 
state of adjustment on the part of the 
nerves of the skin towards the passage 
of heat across them must be a factor de- 
termining whether we feel hot or co-id. 

That state of the skin in which we 
feel an object neither hot nor cold is 
called its “adaptation temperature” or 
its “physiological zero.” 

We can bo still more explicit and say 
the physiological zero is of such a kind 
that if the temperature of the environ- 
ment rises above it the sensation is of 
heat, but if below it, the sensation is of 
cold. 

Lastly, do we possess nerves for per- 
ceiving cold as distinct from those for 
heat? It is believed we do. The whole 
of the evidence can not be given here; 
but some of it may be learned from a 
careful exploration of the skin carried 
out by a simple instrument. 

The instrument is merely a rod of 
metal, e.g.^ copper (about the diameter 
of a lead pencil), cut to a not too fine 
point. If this rod be repeatedly pressed 
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lightly on the skin, point by point, and 
the blindfolded person asked to re- 
port his sensation at each time of con- 
tact, then the possible reports are : 
‘‘touched”; “hot”; “co-id”; “doubt- 
ful”; “nothing.” 

By “doubtful,” the person means he 
is not quite sure whetlier the spot 
touched feels hot or cold or has merely 
had a contact: by “nothing” he means 
that altho-ugh he knows he is being 
touched by the rod, the sensation is 
neither hot nor cold but is so vague 
that he is not pasitivc about the contact. 
As a matter of fact, the rod is over a 
pain-spot, but the pain will not be 
elicited until the pressure becomes 
greater. Hitherto the rod is supposed 
to be at room temperature. If now wc 
oh ill the* rod in ice-cold water and api)ly 
it as before, the reports are — “contact” ; 
“distinctly cold.” In this case the mo- 
ment a “cold spot” is touched, the sen- 
sation is very obviously cold; but the 
heat-nerves are not stimiilated. If the 
rod be at the temperature of the skin, 
then only contacts are reported. If an 
area of skin be selected, say, on the back 
of the hand and the contact, the hot and 
the cold spots are marked out each with 
a different color, then it can be seen that 
the pattern for each nerve is different 
from the others. 

There are more cold spots than hot 
spots per unit area of skin. 

As regards internal organs, their en- 
dowment for perceiving heat and cold 
is very imperfect : we can swallow 
liquids painfully hot or cold to the lips 
and scarcely perceive them when once 
they have reached the stomach. 

The general inference from all this is 
that the peripheral endings of the nerves 


for the sensation of cold are distributed 
in the skin in a punctate manner; and 
that they are stimulated moderately by 
a rod at room temperature and much 
more vigorously by one thoroughly 
chilled. 

Further we may infer that the distri- 
bution of the cold-perceiving nerves is 
different from that of the hot nerves and 
also from the contact nerves. We have 
evidence that the impulses coming in on 
the ho-t and cold nerves travel up in a 
part of the spinal cord which is distinct 
from those tracts in which impuLses of 
touch and of the muscular sense travel. 
Thus it is that a person who has sus- 
tained a particular kind of injury to the 
spinal cord has no sensations of heat or 
cold or pain so that he can pick uj> a 
red-hot coal or an excessively cold i)iece 
of metal and feel no pain. 

The cold-perceiving nerves can be 
stimulated cdiemically, as, for instance, 
by menthol. If you rub some pure men- 
thol on the skin of the forehead, then for 
some time afterwards everything will 
seem very cold. Touching the skin 
wdth a finger, even blowing over it, far 
less placing a bit of ice on it, will all be 
interpreted as very cold. 

Thus we have learned that although 
there is no such thing in the universe as 
objective (“real”) cold in the sen.se 
that there is heat, yet we have a system 
of nerves in the body with endings in 
the skin whose office it is to perceive 
cold as flistinct from heat. 

The more we know of how our bodies 
arc constructed and endowed, the more 
we must wonder at the details of their 
eapabilities and adaptations, even al- 
though we do not always fully appre- 
hend their meaning. 




DR. JOHN HOWLAXD 

Pkofessok of peuiatku’s in the Johns Hopkins University, whose recent death in London is a serious loss to MEDiaNE and to science. The 
PHOTOC rRAPH, WHICH WAS T.\KEN IN 1920, SHOWS PrOFES.SOR HOWLAND WITH IIlS STAFF IN THE JOHNS HOPKINS HOSPITAL. 
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ELECTRIC FARMING 


One of the funniest things I saw in 
Sweden when I was over there recently 
was tlie use of electrical cookstoves in 
forest cottages. Sweden is short on coal 
and oil, but long on wood and water. 
The Swedes are growing trees faster 
than they are cutting them, the reverse 
of the policy that prevails in America, 
(consequently they have wood to burn, 
but they prefer to cook wdth water in- 
stead. The water falls down faster than 
the trees can grow up. So they turn it 
into turbines and with them grind the 
wood into pulp, and ship it over to Amer- 
ica to bo made into the yellow journals 
and silky stockings that are so conspicu- 
ous in our country. Electricity is cheap 
over there and besides they have an in- 
genious kind of cooking contrivance tliat 
kee[)s in the heat and the steam, so a few 
watts will cook a lot of food, and it takes 
a lot of food to satisfy a Swede. 

About forty-five per cent, of the farms 
of Sweden are using electricity for light- 
ing and light power. In the United 
States ‘'not more than three per cent, of 
the farms arc receiving electric current 
from power lines, according to G. E. 
Tripp, chairman of the Westinghouse. 
(I'alifornia, of course, claims the lead, 
with 554,000,000 horse-power-hours of 
electric power used in agriculture during 
the year 1923, but eighty per cent, of 
that is employed in pumping water for 
irrigation. The number of electric i)ower 
consumers on farms in (.California is re- 
ported as 26,915. Ohio has 17,000 farms 
supplied with niral electric service and 


Iowa and Pennsylvania have about 
12,000 each. 

To read over the list of the applica- 
tions of the current one would think that 
the electrical farmer hadiUt any chores 
to do and that the electrified stock were 
living in the lap of luxury. I am skep- 
tical, as one of my age naturally would 
be, about the moral effect of all these 
new-fangled ways. Incandescent lights 
in the pigpen! Electric fans in the 
(*attle shed! TUtraviolet rays for hogs 
and hay! Is it good for young hens to 
be kept up all hours of the night under 
the white lights, gadding about and 
stuffing their crops with rich food? Can 
a thermostat altogether replace the ma- 
ternal instinct ? 

And what will be the effect on the 
farmer and his family? Will he con- 
tinue his commendable habit of early 
rising if he can milk a dozen cows at a 
time by simply turning on the juice? 
Will not the farmer s wife lose the well- 
rounded ams tliat she develoiied by long 
hours at the churn and the rosy com- 
plexion that she ac(|uired over the cook 
stove? Will the tungsten filament give 
that well-grounded education that we, or 
anyhow our forefathers, got by means of 
the torch or tallow dip? Will the tennis 
racket adequately take the place of the 
buck-saw in the development of the 
muscles and the sense of duty ? In short, 
will those whose hardest labor has been 
to press a button or jerk a switch acquire 
tho.se sterling qualities which have made 
us what we are? 
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I>B. CABI. HEBING 

IN WHOSK DKATU PLILAnKI.PHIA AND THK COUNTRY I/ 08 E ONE 
OF THEIR MOST DISTINOITISHED ENOINEERS 


A QUEER 

“Ib' a kettle of water be placed on a 
fire there is a chance, though an exceed- 
ingly small one, that the water will 
freeze.” This startling saying, quoted 
from Planck by Paul R. Heyl, of the 
Bureau of Standards, is an admirable 
illustration of how much the scientific 
viewpoint of the twentieth century dif- 
fers from that of the nineteenth. 

We were taug<rt in school that heat 
always flows from a hot to a cold body, 


KETTLE 

and we verified this law for ourselves fre- 
quently and sometimes unpleasantly. If 
we touched a boiling tea-kettle, the heat 
flowed into our finger before we could 
snatch it away. If we touched a lump 
of ice the heat ran into the ice and the 
finger became cold. 

Twentieth-century physicists do not 
presume to contradict these facts, nor do 
they propose, to abrogate the law, yet 
they point out that the law is not an ab- 
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JEAN PAINLEVI5 

Son op THF DISTINOUI8IIKD MATHEMATIOIAN AND POKMER FrEN< H PKEillFK, WHO HAR HIMSELF 
WON KKI’IITATION IN SdLM’lPK' KKREAKCU, APPEAKINO IN A Hl.M ( Al.l.hl) “I/INCONNI' DPS Sl.\ 
JorKS, ” TUB PKOOGEDS OP WHK H WILL BE THKNED OVER TO LABORATORIES IN WIIIl'lI HE IS INTER- 
ESTED. With him is Mirko, a Russian wolfhound, well known in Frenoh cinema circles. 


solute rule but a statistical average, 
based upon the calculation of probabili- 
ties. It holds in the long run and on the 
wliole, yet there may be, in fact must be, 
local and temporal exceptions. 

Just so a man might say of the Hud- 
son River tunnel that in the morning the 
crowd flows from New Jersey to New 
York, and in the evening from New York 
to New Jersey. Quite true, yet if we look 
more closely we observe that a minor pro- 
portion of passengers are going in the 
opposite direction from the majority, 
both morning and evening. 

Now from the ptflnt of view of the 
phymeist the difference between a hot 
body and a cold body is that in the 
former the mtfleeulea gve nuhrinir about' 
more rapidly m the Btt the 


molecules of both are moving with vari- 
ous and varying velocities, and when the 
two bodies are in contact they influence 
one another, both ways. Heat is continu- 
ously flowing from the cooler to the 
warmer, running up hill, so to speak, but 
this minor effect is masked by the over- 
whelming current of heat running down 
to the cooler body. 

Nevertheless, as Dr. Heyl points out, 
this involves the admission that per- 
petual motion, which was anathema to 
nineteenth century science, is theoreti- 
cally possible on a very small scale, 
although it is practically impossible on a 
large scale. In other words, the heat 
mtjgrM all mu tram the kettle of water 
to itrfr-><mly it never ^oes. 
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DR. WILLIAM CROCKER 

I)lRE(TOK UK THE BOYUE 1N.STITUTE OK PlJVNT ReSEAHUII, A DESt’RIPTION OF THE IMPORTANT WORK 
OF WHif’ii HY Pkofessor John M. Coultkk appears in the present issue of the Monthly. 


PROFESSOR LUCIEN GALLOIS 

B\ pROKKssoK Dou(n.AS Johnson 
Columhm Umvtrsity 


In conferring? upon Lucien Gallois its 
Cullom Medal the American Geoj?raphi- 
cal Society has most appropriately hon- 
ored the distinguished dean of French 
geographers. Those who know the man 
and his work will agree that the distinc- 
tion could hardly have been more worth- 
ily bestowed. 

Ijiicien Gallois, who will soon attain 
the Biblical age of threescore years and 
ten, looks back upon a long and honor- 
able service in the chairs of geography 
in the University of Lyons, in the FJcole 


Normale Supcrieure, where he succeeded 
the founder of the modern French school 
of geography, Vidal de la Blache, and in 
the Sorbonne, where he continues to ex- 
ert a profound influence upon geographi- 
cal work in France. Here not only do 
future teachers and investigators of ge- 
ography benefit by his vigorous analyses 
and criticisms of their work in a seminar 
w^hich it is a real privilege to attend; 
but in public courses of lectures large 
numbers of laymen hear from his lips 
masterly expositions of the geographical 
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H'li/f H’oc/rf Photos 

I’RUFEHSOR l,U01KN GALLOIS 

features of their country. One who is formed in America for the same pur- 

so favored as to have him for a j^uide pose UTui(*.r the direction of (Jolonel 

through the byways of old Paris will House. To the publications of this 

I)rofit richly from his inexhaustible Comite Oallois contributed studies of 

knowledge relating to the geographical the Sarre Basin, of the northeastern 

development of the city; for Callois is a frontiers of France, of the Rhine River, 

specialist in urban geography, and Paris of the port of Salonika and of other 

is the object of some of his monographic regions politically important. More 

studies. widely known are his volume on “Re- 

Outside the university Oallois’ influ- gions Naturelles et Noms de Pays : fitude 

ence is felt in many fields. Students of sur la Region Parisienne,” and his other 

geography the w^orld over know him as writings on Paris and the surrounding 

one of the leading spirits in creating and country, as well as his contributions to 

maintaining the high character of the our knowledge of the history of geogra- 

AnnuJes de Geographies one of the few phy in Europe. In France his preemi- 

really indispensable geographical peri- nent position has been fittingly recog- 

odicals published at the present time, nized by his election as president of the 

Prior to the Paris Peace Conference he Association de (icographes Fran(,»ais. 

served on the French Comite d’fitudcs, a while in America many will remember 

semi-official body created to study ])rob- him as an honored guest on the Amer- 

lems of the peace which in organization ican Geographical Society’s Transeon- 

and in methods resembled the “Inquiry” tinental Excursion of 1912. 
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DR. CH ARISES G. ADliOT 

Assistant Secret aky of the Smithsonian Institution and DiKiicTOK of the Astrophysk^al 
Observatory, who has returned prom an extensive trip on behalf op the National Geo- 
aRAPHic Society 's SoiiAB Radiation Expedition. 
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It is a double pleasure when well-de- 
served honor is conferred upon one 
whose high erudition is graced by the 
charms of a delightful personality; for 
then both the head and the heart rejoice. 
This double pleasure was experienced by 
the friends of Liicien Gallois on learn- 
ing that he had been awarded the Cul- 
lom Medal. Both in his writings and 
in personal contact he reveals a simple 

VARIATION OF 

A DEVELOPMENT wliicli bids fair to 
rank high in weather forecasting is an- 
nounced in the latest issue of the Mmthhj 
Weather Review of the U. S. Weather 
Bureau, by Dr. Charles CJ. Abbot, of the 
Smithsonian Institution. That develop- 
ment is the discovery ot* a new and simple 
])roof by Dr. Abbot that tlie amount of 
lieat given off by the sun from day to 
day and from year to year varies. 1 f the 
proof is final — and it seems irrefutable — 
there can bo no further (luestion that the 
sun is a real factor in tlie daily and 
yc'arly weather changes. Exact ap- 


directness of method, a sincerity of 
thought and a modesty of manner which 
can not fail to impress all fortunate 
enough to know him. Those who go to 
him for help find something more; a 
man with a big heart, ready to give gen- 
erously of his time whenever and wher- 
ever his rich store of knowledge can be 
made to serve the cause of geographic 
science. 

THE SUN'S HEAT 

praisal of its value for long-range 
weather forecasting awaits only the fur- 
ther perfection of measurements of solar 
variation and world weather. At all 
events, an essential clement new to 
weather forecasting lias been discovered 
and proved. Its application is only a 
matter of research and time. 

For thirty years I)i*. Abbot has been 
investigating the sun and measuring the 
heat it sends to the earth. In 1903 he 
surmised from his results for previous 
years that the amount of that heat 
varied. Urged on by that clue and its 
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HOLAB VARIATION 


This graph, drawn by Dr. Abbot, shows that the sun varies. The dotted line shows the 

CHANGES FOR JULYS 1910-1920 ACCORDING TO THE SOLAR CONSTANT VALUES ALREADY PUBLISHED 
BY THE Smithsonian. The blai’K line shows the variation newly determined from mea- 
surements made on days when atmospheric conditions were identical. The double link 
SHOWS variation or NUMBER OF SUNSPOTS OBSERVED DURING THESE JULYS BY EUROPEAN 

astronomers. 
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great significance to mankind if true, he 
lias spent the intervening years in elab- 
orate measurements of solar radiation in 
many parts of the world : at Mount Wil- 
son and Mount Whitney, California ; at 
Bassour, Algeria; at Mt. Harqua Hala, 
Ariasona, and Mt. Montezuma in the 
nitrate desert of Chile. lie developed 
instruments capable of measuring a mil- 
lionth of a degree change in temperature, 
and other instruments of the greatest 
complexity and usefulness to be used in 
connection with his measuring instru- 
ments for standardizing and for com- 
puting results. 

The proof which Dr. Abbot now an- 
nounces appears to finally refute all 
criticisms and leave no further doubt of 
the variability of solar radiation. Tlic 
essence of this proof lies in a compari- 
son of measurements of solar radiation 
made at times when the atmosphere is 
practically identically the same. It is 
obvious that if the atmosphere is the 
same and the instruments are correct 
any changes must mean differences in the 
amount of heat given off by the sun. 

Dr. Abbot selected measurements 
made in the month of July for the years 
1910 to 1920, omitting the years 1912 
and 1913 because the volcano of Mt. 
Katmai in Alaska filled the atmosphere 
of the whole northern lieiuisphere with 
dust in thase years. During all these 
years Dr. Abbot and his assistant, Mr. 
L. B. Aldrich, has measured the sun 
from the same observatory on Mt. Wil- 
son, (California. They used the same in- 
struments throughout and these instru- 
ments were regularly tested against 
standards and found unchanged. 

From the measurements made in these 
months, he selected the days when the 
atmospheric transparency and its con- 
tent of water vapor were practically the 
same, dividing these into comparable 
groups. All days in any year in which 
atmospheric conditions were not practi- 


cally identical with those in other years 
he discarded. 

He then plotted the measurements of 
the total quantity of heat received at the 
earth ^s surface. On the same paper he 
plotted the solar constant values for 
these years as previously published. 
These solar constant values are the result 
of the measurements of the total quan- 
tity of heat received at the earth ^s sur- 
face, corrected by measurements of the 
loss of heat through the earth’s atmos- 
idicre so as to indicate what would be 
found outside it — on the moon, for in- 
stance. How closely the two results 
parallel one anotlicr is shown by the ac- 
companying chart. 

As a further proof of the accuracy of 
his measurements of the variability of 
solar radiation, Dr. Abbot plotted the 
average number of sun spots for Julys 
of the same years on the same paper. 
The harmony is again apparent. 

Such is a simplified account of the 
proof that the radiation from the sun 
varies over a long period of time closely 
in harmony with the sun’s visible evi- 
dences of activity. Dr. Abbot did not 
stop here, but used a slight modification 
of the same method to show that short 
interval changes within the individual 
months are also verified by this simple 
proc*ess. 

With this great step accomplished, the 
next move is to make tlie daily measure- 
ments of solar radiation as accurate as is 
humanly possible. To help to accom- 
plish this, the National Geographic So- 
ciety has given $55,000 to establish a 
solar observatory at Mt. Brukkaros in 
Southwest Africa to cooperate with Dr. 
Abbot s two existing stations in Califor- 
nia and (^hile. To insure that at least 
one accurate measurement be made for 
every day in the year, a fourth station is 
needed in the northern section of the 
Eastern Hemisphere. 
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RELIGION AND MAN’S ORIGIN 

By Dr. C. G. ABBOT 


The sciences now interlink with one 
another. It is as if the geologists, the 
physicists, the chemists, the astronomers, 
the anatomists, the paleontologists, the 
zoologists and all the rest had been sur- 
rounding and reclaiming the great 
jungle of the unknown. Formerly, this 
wilderness was so large that the groups 
of pioneers were quite out of touch or 
hearing. But as knowledge of all kinds 
has penetrated deeper and deeper into 
nature's secrets, the unknown hiis so far 
shrunken that the sciences are no longer 
isolated, and their discoveries overlap 
and reinforce each other in a most tell- 
ing way. 

Es[)ecially is thLs so in the fascinating 
problem of man's origin, to which many 
lines of knowledge contribute their quota 
of evidence. They all unite to point to 
the conclusion that evolution, the grad- 
ual accretion and modification of organs 
and functions, is universal, and indicates 
the rise of man as well as the develop- 
ment of the rest of nature's realm. 

Of late, there has been a violent reac- 
tion to the growing acceptance of this 
view from among those who hold that the 
common English version of the Bible is 
to be taken as a literal text-book of sci- 
ence as well as a spiritual guide to sal- 
vation. They fear that to loosen one's 
hold upon the literal belief of its state- 
ments is to endanger the future of his 
soul. Hence, it is necessary to state the 
alternative view of those scientists (and 
it is believed that they are numerous) 


who reject neither the evolutionary 
teachings of science nor the reasonable- 
ness of religion. 

In the first place, they find it not un- 
scientific to believe in Almighty God. 
Hardly any work was more celebrated in 
its time than Dean Paley's “Natural 
Theology. ' ' The author conceives one to 
be wandering upon a desolate moor, re- 
mote from human habitation. He 
chances to strike his foot upon a round 
object so curious as to arouse his careful 
attention. It is, in short, a watch, pro- 
vided with the little wheels, the springs, 
the hands, the hour-marks and all the in- 
tricate parts we know so well. Although 
there is no man in sight, or habitation 
for many miles, there can be but one con- 
clusion. The plain evidence of complex 
contrivance for a deep purpose demands 
the previous existence of a liighly intelli- 
gent contriver. The watch could not just 
have happened to come into being. 

We need not follow here the details of 
the masterly exposition of this thesis by 
Dean Paley, although it can be read and 
reread with growing admiration for the 
lucidity and power of his exposition. 
While he argues mainly from tlie evi- 
dences of design cccurring in the human 
body, the argument is equally traceable 
from the plants with their marvelous in- 
terior mechanism; from chemistry and 
physics with their wonderful structures 
of atoms and molecules; or from the 
boundless universe of stars and nebulae. 
In short, the more one learns of the in- 
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tricacy and variety of creation, the more 
admirable appears its contrivance. 

But we may consider another aspect of 
the matter. If these structures of utility 
be evidences of a wise contriver, sug- 
gesting the careful parent providing 
necessary things for the welfare of his 
children, the unnecessary yet entrancing 
beauty of nature may lead us further. 
A rose, a violet, a sunset, a thrush's song, 
seem rather the expression of a beauty- 
loving, benevolent, pleasure-providing 
Creator, designing not merely necessities 
but something over and above, adapted 
to give the purest and most delicately re- 
fined joys and pleasures for the promo- 
tion of graces oJP character in his noblest 
creatures. 

There are some who have maintained 
that the Darwinian explanation of evolu- 
tion, namely, that it is carried on by 
natural selection, fully accounts for the 
complexities and beauties of life, merely 
as the result of chance variations pre- 
served and guided by the survival of the 
fittest. One ventures to think that few 
would interpret the existence and struc- 
ture of the atom itself (discovered within 
the past twenty-five years) as a chance 
modification of the nothing which pre- 
existed, and one would hesitate to main- 
tain with assurance that the admirable 
organization of the eye or the successive 
existence of the canker worm would have 
been apt to develop by pure chance, un- 
less some designing intelligence had con- 
trolled selection towards that end. 
Finally, there is the baffling mystery of 
the existence of life itself, which in our 
time seems never to be organized except 
from preexisting life. All these difficul- 
ties are removed by the conception of the 
creating and guiding activity of God. 

It has also been urged by some against 
these views that since to assume the ex- 
istence of a creating and guiding God 
does not enable us to understand the 
antecedent existence of God himself, we 
make no progress by the assumption and 
would better make no hypothesis at all. 


Such men are called agnostics, for they 
are those who make no hypothesis re- 
garding the unknowable. Surely one 
may take this attitude if he prefers it, 
but others are justified in adopting the 
reasonable view that obvious contrivance 
implies a designer, whose antecedent ex- 
istence, since we have absolutely no evi- 
dence available in this life to afford 
explanation, we adopt on faith. A simi- 
lar attitude is adopted regarding gravita- 
tion. We know it exists, but why we 
know not. Those who choose this latter 
type of philosophy walk by .sight where 
they may, but beyond that they walk by 
faith. 

Within this realm where reason no 
longer gives guidance, it is not contrary 
to reason to exercise faith in comfortable 
doctrines. Many men of science do in 
fact add to their belief in God, faith in 
the existence of the soul ; in a future life ; 
in the usefulness of prayer; acknowledge 
the gospel of Jesus Christ, and find in the 
Bible a guide to moral and social con- 
duct, the spur to noble living given by 
the example of great characters, the 
spiritual uplift of its sublime passages, 
and the comfort of its as.surances. As 
with other men, continued practice of the 
life of faith leads to growth of spiritual 
discernment also in men of science, so 
that they appreciate the saying of Saint 
Paul: “But the natural man recciveth 
not the things of the Spirit of God: for 
they are foolishness unto him: neither 
can he know them, because they are spiri- 
tually discerned."^ 

It is true that certain objectors have 
argued that the existence of the soul is 
disproved by the reality of evolution. 
They say, in effect, how or when, and at 
what exact instant of the slow continuous 
march of man's evolution could he have 
acquired a soul? As well ask us to dis- 
tinguish the exact instant when dawn 
begins, and, because we can not tell, 
deny the light of day! Moreover, man 
is bom without intelligence. Shall we 

II Corinthians 2, 14. 
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say that because his prenatal and later 
development is one continuous progress, 
therefore he has no mind? Surely he 
may have acquired a soul by degrees as 
well as a mind. 

While appreciating the worth of the 
Bible, the scientific believer can not 
admit that it is an infallible text-book of 
his science. Why should he? It is cer- 
tain that different passages of it fairly 
contradict each other, that its writers 
believed the earth to be the most impor- 
tant member and center of the system of 
the heavenly bodies, that many of its 
laws and narratives express the culture 
of a semi-barbarous people and that a 
great deal of its best material is cast in 
the figurative style. We have become 
accustomed to teachings in the form of 
parables, dramas and fictions, but to the 
Oriental mind such methods are natural, 
not acquired. As they were used by 
Christ, so also they were employed by 
older writers. Compare the introduc- 
tions to the parable of the prodigal son 
and the book of Job: 

A certain man had two sons. 

There was a man in the land of Uz whose 
name was Job. 

The object of Christas teaching was not 
defeated because the exact incident never 
happened, nor would the philosophical 
wrestling with the problem of evil in the 
realm of Almighty Qod be strengthened 
by supposing Job a historical character. 
As John Milton wrote Paradise Lost, 
why should not a more ancient writer 
have taken for his theme the Creation? 

In short, there is no more reason for 
attempting to bind modem research into 
the compass of the astronomy and biol- 
ogy of the Bible than there is for at- 
tempting to harmonize the narratives of 
I Samuel 15, and II Samuel 21 and 24, 
with the goodness and justice of God, as 
portrayed by Psalms 103, Micah 6, v. 8, 
and the Gospels. The whole puzzle is 
explained by admitting that the Bible 
is the product of men of unequal spiri- 
tual and mental attainments, but con- 


taining, nevertheless, along with much 
which is unedifying, the most sublime 
and salutary passages which have ever 
been penned. There are some things in 
this world that modern progress has not 
surpassed, and besides the sculpture of 
Phidias, we confidently include in this 
category the ten commandments, the ser- 
mon on the mount and the wealth of 
lovely, inspiring and rebuking passages 
in which the Bible abounds. 

Yet this is shocking to some. To them 
it appears that if we relinquish the idea 
that every word of the Bible is divinely 
inspired truth, it ceases to be a guide to 
salvation. On the contrary, like the 
racer, so vividly pictured by Saint Paul, 
who lays aside every weight that he may 
press towards the goal, the liberation of 
the mind from acceptance of contradic- 
tory and barbarous statements as essen- 
tial to salvation, frees one to embrace, 
undisturbed, faith in glorious and com- 
fortable promises. If it be asked how to 
distinguish what to hold fast and what 
to pass lightly by, the Bible itself gives 
the answer in the words of Saint Paul : 
‘‘Finally, brethren, whatsoever things 
are true, whatsoever things are honest, 
whatsoever things are just, whatsoever 
things are pure, whatsoever things are 
lovely, whatsoever things are of good 
report; if there be any virtue, and if 
there be any praise, think on these 
things. ^ 

The matter of miracles has been a very 
sore subject. The scientific man is so 
completely accustomed to seeing natural 
phenomena repeated with perfect cer- 
tainty in accord with discovered law that 
it must be admitted that he is not apt to 
relish the proposition that for trifling or 
even unworthy objects the natural course 
may be set aside. Hence, knowing, as 
already set forth, the fallibility of the 
Bible, he is often apt to believe that 
some, at least, of the miraculous occur- 
rences it records are due to imperfect ob- 
servation of witnesses or to distortion of 
accounts in oral transmission. 

2 Plulippiane 4, 8. 
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Nevertheless, it may be added that 
modern discovery makes the miraculous 
more credible, rather than less so. As 
far as communication across unbridged 
space is concerned, this offers no diffi- 
culty to the age of wireless. As radio 
was till recently unknown, other means, 
not yet understood, of communication 
from mind to mind may in future be 
demonstrated. 

As for miraculous modifications of 
matter, it is now the accepted result of 
physics that all matter, in the last analy- 
sis, is resolvable into two varieties, the 
indescribably small electrons and protons 
which compose the atoms. These elec- 
trons and protons, furthermore, are 
neither more nor less than equal elec- 
trical charges, respectively negative and 
positive. Electricity is energy. Hence, 
matter is also a bound form of energy. 
The all-powerful Creator, the master of 
energy, may be readily in command of 
the agencies of creating matter out of 
nothing, reconverting it into nothing, or, 
by altering the arrangement of protons 
and electrons, of changing one kind of 
matter into another. This, of course, is 
not all possible as yet to man, nor does 
he perceive how it might be done, but 
that it is possible to omnipotence is unde- 
niable. TJiat it would be done by infinite 
wisdom would seem to demand a worthy 
occasion. 

There is no need to fear a decline in 
religious faith or spirituality among 
those whose daily studies lead them to 
contemplate and admire the hidden won- 
ders of God’s creation, and who rever- 
ence and attempt to imitate Christ while 
remaining evolutionists, yet now it is 
time to inquire what makes them evolu- 
tionists. On wliat evidence are they 
willing to admit that the human race, 
like every race of plants and animals, 
has developed from other types of 
beings? They regard evolution as the 
most reasonable explanation of consid- 
erations like the following : 

(1) In the first place, the life of every 
individual human comprises a wide- 


ranging evolution. Conceived by the 
union of two germs, the prenatal infant 
passes successively through a variety of 
forms, many of which resemble foetal or 
adult forms of other species. Organs 
more or less rudimentary occur in human 
beings, either prenatally or even persist- 
ing to adult life, which appear to be use- 
less to man, but are similar or closely 
allied to useful organs in the adults of 
other vertebrates. Among many such 
organs arc the tail, the vermiform appen- 
dix, the toenails. It is even a fact that 
at a certain stage the organization of the 
prenatal human approaches that of the 
adult fish. 

One finds it difficult to conceive that 
it is more derogatory to humanity that 
the race itself should have evolved in the 
course of ages from lower organisms than 
that every single individual actually and 
unquestionably does evolve within his 
single lifetime from very primitive 
forms. 

(2) In the second place, man and 
lower animals have many points of simi- 
larity, and much in common. In the 
skeleton we find a similar organization 
I)rcvailing. Some of the other verte- 
brates even present the same number and 
arrangement of bones. In these cases it 
is only variatiorus of length and form 
that distinguish tlic skeletons of man and 
animals. The skeletons are clothed with 
flesh, skin and more or less with hair, in 
man as in animals. The internal and ex- 
ternal organs, such as the heart, lungs, 
stomach, intestines, organs of smell, 
taste, hearing, seeing and reproduction 
exhibit great similarities. 

It is not only in matters of form, but 
also in the emotions and behavior that we 
find much in common. Fear, love, 
humor, memory, bravery, intelligent 
action, are all prominently displayed in 
lower animals, even in some species very 
remote in form from man. 

(3) The great argument, however, is 
from paleontology. In many places, the 
eroding action of streams and the fold- 
ing of the earth crust have laid bare 
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very thick layers of stratified rocks. 
They frequently contain fossils of many 
species not now existing. This geological 
life-record is exhibited, not in one or few 
places of the earth’s surface, but almost 
wherever rocks have been upturned. If 
the fossil forms are arranged in orderly 
array, beginning with those which had 
been deepest buried, and going on at 
length to those which lie near the tops 
of the sedimentary column, they are 
found to show broad similarities of type 
wherever found on the earth ; and every- 
where to present, on the whole, an 
orderly sequence of change of form from 
the lowest to the highest layers. 

In such a sequence, and representing, 
as in some cases actually found, a thick- 
ness of rock strata of ten miles or more, 
we may assign names to represent the 
principal subdivisions of the layer, as 
selected according to prevailing fossil 
types found therein. 

On the following page is such an ar- 
rangement: reading from the bottom 
and oldest to the top and youngest 
rocks containing traces of life. 

While the whole fossil record is prac- 
tically never laid bare from the Pre- 
Cambrian to the Quaternary at any one 
locality, yet fragments of it of more or 
less range occur in all parts of the world. 
The telling thing about them is that, 
excepting rare cases of accidental burial, 
the order in which they present fossils is 
never inverted. We do not find mam- 
malian fossils among gigantic amphibi- 
ans or among the monstrous reptiles, 
neither do we find fish fossils among the 
trilobitcs of the Cambrian. Fossils of 
man lie almost superficially, never among 
those lower strata which are filled with 
extinct orders and families. 

(4) As we can not regard as probable 
a convulsion which would turn miles of 
thickness of rocks upside down, so that 
the earliest deposited should be at the 
top, much less that such cataclysms 
should have been prevalent over the 
world, we must believe that the order of 


increasing depth corresponds generally 
to increasing age. This conclusion, if it 
needed strengthening, finds support in 
the smoothly rounded forms of the 
ancient, long-weathered outcroppings of 
Cambrian age, which may be contrasted 
with the jagged unworn rocks of recent 
formations like the Sierra Nevada. This 
is a question of the character of rocks 
and length of erosion period. 

(5) Thus we learn that there first ap- 
peared on earth the simpler creatures 
like worms and jelly-fish, and other in- 
vertebrates, at a later stage the fishes, 
which are the first vertebrates, later the 
reptiles and the birds, still later the 
mammals, and finally, to crown all, man. 

(6) These various orders each devel- 
oped many forms and species, some of 
which grew to monstrous power and size. 
But after a period of maximum impor- 
tance, one by one they became extinct, 
till now only a few of our existing species 
can be traced back to the Tertiary. 

(7) Under domestication, many forms 
have changed. Take, for instance, the 
pigeons, the dogs, the horses or the poul- 
try and think of the extraordinary modi- 
fications which have been brought out by 
skilful breeders, esi)ccially in late years 
when great attention has been paid to 
this art by scientists. 

(8) Variation being, therefore, known 
and probable, wo must reflect that if we 
consider all the species of animals alive 
at a given epoch, every one of them will 
Ik: competent to vary. Those whose gen- 
erations are brief will be apt to change 
more in a given time than those of long 
life and prolonged immaturity, other 
things being equal. Hence, man, whose 
generations arc among the longest of all 
animals, will probably change less rap- 
idly than most orders. 

(9) We thus perceive that if we make 
the hypothesis that man is a product of 
evolution, we arc not to think of him as 
descended from any existing species of 
animals. All existing species will have 
changed far more, it is probable, from 
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Name 


niustrative 

Thickness 


Types of Fossils Found 


Pre-Cambrian. 5 miles. 

Horizon of Scanty Life. 

Cambrian and Ordovician. 1 mile. 

Horizon of tho Invertebrates. 


Silurian and Devonian. % mile. 

Horizon of Fishes. 


Carboniferous and Permian. 1 mile. 

Horizon of Amphibians. 


Trinssic, Jurassic, and Greta- 1% miles, 
coous. 

Horizon of Reptiles. 


Tertiary. Vi mile- 

Horizon of Mammals. 

Quaternary. Superficial. 

Horizon of Man. 


the epoch when the ancestry of man was 
common to the ancestry of some of them 
than man has himself changed since that 
epoch. We are not to think, therefore, 
that existing great apes, though at pres- 
ent nearest in form to man, are in any 


Life forms few but including worm trails, 
sponges, algae, and crustaceans, all repre- 
senting extinct families and species. 

A very rich fauna, including worms, the now 
extinct family of trilobites, which in the 
Cambrian was the prevailing form of life, 
tho soft-bodied holothurians, the medusae or 
jelly-fishes, and the arachnidae, or spider-like 
creatures and their relatives, but not one 
single existing species of all these familieii. 
The family of tho crabs and scorpions was 
approaching its z(*nitli of size and dominance 
toward the close of the Ordovician. 

Representatives of the crab and scorpion fam- 
ily become of monstrous size. At the top of 
the Silurian, we begin to find ray -like fishes, 
and the Devonian becomes the age of fishes. 
All species represented are now extinct. 

Tremendous plant growth, now represented in 
our coal bods and oil reservoirs, characterized 
the Carboniferous. Vertebrates of land type 
first appear in various now extinct am- 
phibians. These approach the salamanders, 
newts, and frogs. In the Permian, this fam- 
ily begins to culminate in tailed creatures of 
gigantic form. Still all plants and animals 
belong to species now extinct. 

In this horizon are found a most astonishing 
variety of enormous reptilian forms, many of 
which are heavily armored, and many far 
larger than any animals now existing except 
the whales. Of eighteen great reptile fam- 
ilies, thirteen are now utterly extinct, and of 
the other five, tho lizards, turtles, tuateras, 
snakes, and crocodiles, tho present species 
are mainly different. Birds begin to occur 
in this horizon, but of groups now extinct. 

Forms more and more approximating to the 
horse, the elephant, tho great cats, tho bears, 
tho monkeys, and the dogliko and other mam- 
mals of the present day, appear at horizons 
of higher and higher level. But numerous 
of these ancient species, such as the early 
horse family, the saber-tooth tiger, the mas- 
todon and mammoth, are now extinct. 

Man and his works are found only very near 
the surface (of the stratified column) in the 
most recent water and land deposits. 

sense ancestral to man. On the contrary, 
they arc many generations junior to him 
in the common development. 

(10) Still considering the hypothesis 
that man has developed from lower 
forms, we must expect to find in fossil 
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evidences implements representing a less 
intelligent human culture, and human 
skeletal remains showing less brain 
capacity and greater natural means of 
defense than existing men present. 

(11) Such is the case. Archeology 
leads us back from the age of machinery 
to the age of metal handiwork, thence to 
the age of stone handiwork, the imple- 
ments and artifacts becoming less and 
less finished and useful, till those asso- 
ciated with fossil man become scarcely 
implements at all. Sculpture, painting 
and drawing are found in the caves of 
France and Spain which, while rude, 
prove that man was contemporaneous in 
Europe with the mammoth and olher ex- 
tinct species of animals. Skeletal re- 
mains of man himself are found, with 
more and more heavily built structure 
and facial features, and less and less vol- 
ume of brain capacity, the deeper and 
older the fossil horizon in which they arc 
found. Some of the more ancient of 
these fossils differ so far from any exist- 
ing human skeletons as to make it ad- 
visable to assign them to an extinct 
human species, though still superior to 
existing apes. 

(12) In other families of mammals, far 
longer series of apparently evolutionary 
forms have been discovered. One of the 
most complete of these is that of the 
horse, which presents a succession of ani- 
mals of growing size and modified organs 
beginning with Eohippus of the early 
Tertiary, a little four-toed creature no 
bigger than a fox, and passing through 
at least five species of different stages of 
gradual development in later fossil hori- 
zons, culminating in the great Equus, the 
modern horse, which uses but one toe. 

(13) The theory of organic evolution 
requires for the succession of develop- 
ments, from the scanty and lowly life of 
Pre-Cambrian horizons to the mamma- 
lian forms of the present day, an enor- 
mous extent of time. The earlier evolu- 
tionists made demands of hundreds of 
millions of years upon the bank of time ; 


demands which at that time, over fifty 
years ago, the physicists and astronomers 
could by no means see their way to admit. 
The geologists, however, also demanded 
for the deposition and weathering of 
sedimentary rocks in which the fossils 
are found, almost or quite as great a 
span of years as the evolutionists. The 
discovery of radium, and of the nature 
and transformation of atoms, and the 
discovery of the nature of the interior of 
the sun and stars, and of their probable 
source of energy due to the destruction 
and transformation of matter — all of 
these discoveries having come to us 
within thirty years — have fully recon- 
ciled the physicists and astronomers. In 
the radioactive rocks, they now have a 
clock which their utmost powers and in- 
genuity have never shown it possible 
either to accelerate or retard, and it in- 
dicates that our earth has been weather- 
ing for about a billion years. Thus, a 
length of time adequate to bring about 
the whole progress of evolution seems 
now to have excellent evidence. 

(14) All things change. Among the 
stars, astronomers can discover unbroken 
gradations far more complete than 
paleontologists yet i)osscss of fossils, 
through which they can trace the evolu- 
tion from relatively cool red giant stars, 
hundreds of millions of miles in diam- 
eter, and rarer in composition than the 
gas in a vacuum pump, to the still gigan- 
tic blue stars, five times hotter than those 
dazzling arc lights which gasify even 
carbon. The gradation proceeds yet fur- 
ther, through a series of stars of descend- 
ing temperature, more and more ruddy 
glow, and decreasing size, till the glow 
fades out altogether, and the star becomes 
a cool solid like our earth, having lived 
the star-life and come to the star- 
decrepitude. In life all things change. 
Landscapes, families, friends, all grow 
different as years go by. In fossil forms, 
changes most extraordinary and tremen- 
dous in their import are apparent in 
every type of life, vegetable and animal. 



200 


THE SCIENTIFIC MONTHLY 


Why should we think man exceptional! 
Is it not a sign of hope rather than of 
degradation? For if he has come to be 
what he is in a period which geologically 
is but brief, compared with the duration 
of the age of reptiles or the age of am- 
phibians, why may we not anticipate for 
the future a more wonderful man, whose 
superhuman attributes and powers we 
can not prophesy? 

Such is the groundwork of the evolu- 
tionary faith. The confirming facts are 
so numerous that it is out of the question 
to attempt to give them here. To do so 
would require a book of details which 
would needs be carefully written to 
avoid obscuring the main issues by the 
multiplicity of supporting evidences. 
But it must never be forgotten that no 
constructive theory is ever proven. One 
merely arrives at a degree of probability 
that is evaluated differently by different 
minds. The destructive critic may pick 
such a host of flaws in the theory of evo- 
lution that the ill-informed may become 
bewildered, and full of doubt as to 
whether a doctrine so vulnerable can be 
worth entertaining. 

Similarly, a destructive critic of the 
contrary persuasion may assault the 
theory of the inspiration of the Scrip- 
tures, and by setting up parallel columns 


of inconsistencies, statements contrary to 
Christian kindness, and figurative ex- 
pressions, omitting at the same time to 
acknowledge the nobility of the great 
conceptions therein, he may make the 
puzzled truth-seeker doubtful if he can 
without violence to his reason entertain 
at all the sublime claims of religion. 
More especially arc these methods of 
argument misleading if they are accom- 
panied, as they often are on both sides, 
by ridicule and personalities. In such 
cases they engender heat, not light, and 
only harm arises. 

We must admit that there are many dif- 
ficulties and shortcomings in the theory 
of evolution. We are cheered by the 
rapid discovery of new facts that help to 
clear up these doubtful places, but it will 
never be possible to secure as complete 
and exact proofs as those of theorems in 
geometry. On the other hand, when we 
confront such a series of facts as we have 
described above, supported by thousands 
of other details not here mentioned, we 
must consider them. The human mind 
in all countries and in all ages has ever 
been prone to explain natural phe- 
nomena. Evolutionists are merely fol- 
lowing precedent in setting up the best 
theory they can to include the facts they 
know. 
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The Bible is the best of books. It has 
been too often the worst read of books. 
The Scriptures resemble a hunting 
ground where every one bags the de- 
sired game. The fundamentalist and 
modernist, progressive and conservative, 
pre- and post-millennarian, advocate of 
election and believer in free will, pro- 
hibitionist and anti-prohibitionist, evo- 
lutionist and special creationist, Catholic 
and Protestant, all appeal to the Bible 
to sustain their respective views. These 
varied and often contradictory interpre- 
tations arc apt to bring the Bible into 
disrepute. People ask if the Scriptures 
support such ditfering views, do they 
teach any true views ? 

A very common reason for missing the 
exact meaning of the Bible has been the 
neglect of historical and grammatical in- 
terpretation. Scripture must be studied 
historically in the light of the time, place 
and circumstances when it was written. 
The principles of the ripest grammatical 
and lexicographical knowledge must be 
applied to all words and sentences. 
Happily the scholarly Biblical gram- 
mars, lexicons, dictionaries, introduc- 
tions and commentaries of our time fur- 
nish all the tools necessary for an ap- 
proximate correct reading of the text. 
Unfortunately, too few use these schol- 
arly works. The result is a conflict of 
views as to what the Bible teaches. 

The interpretation claiming our atten- 
tion at this time is the prevalent attempt 
to make the Bible an authority for pres- 
ent-day science. This is inconsistent 
with the purpose of the Scriptures which 
were written to teach religion and not 
science. Proofs of this abound all 
through the Bible, as the following pas- 
sages show : 


And now, Israel, what doth the Lord thy 
God require of thee, but to fear the Lord thy 
God, to walk in all his ways, and to love him, 
and to serve the Lord thy God with ail thy 
heart and with all thy soul. To keep the com- 
mandments of the Lord, find his statutes which 
I command thee this day for thy good.i 

He hath showed thee, O man, what is good; 
and what doth tho Lord require of thee, but to 
do justly, and to love mercy, and to walk 
humbly with God.2 

Thou shall love the Lord thy God with all 
thy heart, and with all thy soul, and with all 
thy mind. Thou shall love thy neighbor as 
thyself. On these two commandments hang 
all tho law and prophets.^ 

I am come that they might have life, and 
that they might have it more abundantly.'* 

And that from a babe thou hast known the 
sacred writings which are able to make thee 
wise unto salvation. Every scripture inspired 
of God is also profitable for teaching, for re- 
proof, for correction, for instruction which Is 
in righteousness.^ 

All these passages plainly show that 
the real purpose of the Bible is to reveal 
our duty to God and man. How remote 
this is from the effort to make the Scrip- 
tures an authority in science. The Bib- 
lical writers were spiritual experts and 
not scientific specialists. Professor Mar- 
cus Dods® says : 

It is not tho object of the writers of Scrip- 
ture to impart physical instruction or to en- 
large tho bounds of scientific knowledge. Every 
writing must be judged by the object tho writer 
had in mind. 

Professor 11. B. Ryle^ writes: 

On the other hand, we have no right to as- 
sume that, in things distinct from the spiritual 

^Deut, 10: 12, 13. 

^ Miodh, 6: 8. 

^MatU 22: 37, 39, 40. 

^JohUf 10 : 10 . 

8 n Timothy 3: 15, 10, 17. 

0 Genesis, Expositor *s Bible, p. 1. 

Early Narratives of Genesis," p. 6. 
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and moral life, the letter of Scripture is en- 
dowed with omniscience. Scripture is divinely 
inspired, not to release men from the toil of 
mental inquriy, but to lead and instruct their 
souls in the things of eternal salvation. In 
regions of thought within the compass of 
earthly cognition, the books of Scripture re- 
flect the limitations of learning and knowledge 
which are inseparable from human composi- 
tion in their sphere of time and place. 

Principal A. E. Garvie® says: 

All that need be stated in general terms now 
is this, that wo can not accept the Bible as a 
text-book of science, astronomy, geology, biol- 
ogy, anthropology, or psychology, as in all 
these departments the writers were limited to 
the knowledge of their own age and surround- 
ings. 

Professor W. II. Bennett® writes : 

The special object of revelation is no more 
to inform about history as such, than about 
geology, astronomy or psychology. Its object 
is to make God known to men, and to enable 
men to live in fellowship with God. 

Cardinal Baronins (1538-1607) aptly 
declares: *^The Bible was given to tell 
us how to go to heaven, and not how the 
heavens go.’’ In discussing a Roman 
Catholic view of science. Sir Bertram 
Windle^® says: ^‘The Catholic is not to 
be so foolish as to look upon the Bible as 
a text-book of science, or of any science. ’ ’ 

During the past centuries the blunder 
of opposing Scripture to science should 
furnish a great warning not to repeat 
the same error to-day. Thus at one time 
all believed that the earth was the cen- 
ter and that the sun revolved around it. 
Copernicus (1473-1542) and Galileo 
(1564-1642) showed that the sun was 
the center and that the earth revolved 
around it. This view aroused a storm 
of opposition from theologians, Catholic 
and Protestant alike, who quoted Bibli- 
cal passages describing the rising and 
setting of the sun. Copernicus and Gali- 
leo were accused of teachings contrary 
to the Bible. Luther (1483-1546) de- 
nounced Copernicus as an arrogant foe 

«‘*Chri8tian Doctrine of Godhead,*' p. 4. 

® * * Faith and Criticism, ' ' p. 26. 

10 Current Jlistory, December 1925, p. 338. 


who wrote in defiance of Scripture. 
Melancthon (1497-1560) urged the sup- 
pression of such mischievous doctrines 
by the secular power. John Calvin 
(1509-1564) asked; ‘‘Who will venture 
to place the authority of Copernicus 
above that of the Holy Spirit?” Father 
Melchior Inchofer, S.J., wrote in 1631: 

The opinion of the earth’s motion is of all 
heresies the most abominable, the most per- 
nicious, the most scandalous: the immovability 
of the earth is thrice sacred : arguments against 
the immortality of the soul, the existence of 
God and the incarnation should be tolerated 
sooner than an argument to prove that the 
earth moves. 

Similarly, when Sir Isaac Newton 
(1642-1727) announced the law of grav- 
ity in 1685, it was said that ‘‘Newton 
removed God from his universe and put 
a law in Ilis place” and that he ‘‘took 
from God that direct action on his works 
so constantly ascribed to him in Scrip- 
ture and transferred it to material mech- 
anism.” 

These are illustrations of the Bible 
being used in the past to settle scientific 
questions. We sec, to-day, what a mis- 
take this was. Copernicus, Galileo and 
Newton were right and the theologians 
were wrong. President Andrew D. 
White^^ says: 

In all modern history, interference with 
science in the supposed interest of religion, no 
matter how conscientious such interference may 
have been, has resulted in the direst evils both 
to religion and to science. 

The science of the Bible is that of the 
age when it was written. The Biblical 
authors apparently had no scientific 
knowledge in advance of their time. The 
cosmogony of the Hebrews was largely 
that of the Babylonians as the Babylon- 
ian inscriptions show. This was to be 
expected, for the Hebrews came origi- 
nally from Babylonia, ‘‘Ur of the Chal- 
dees.” Furthermore, we now know that 
Babylonian culture permeated Palestine 

11 “Warfare of Science with Theology," I, p. 
VIII. 
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from about 3000 B. C. to 1200 B. C. 
when the Israelites, under Joshua, en- 
tered the promised land. Professor O. C. 
Whitehouse^* says: ‘‘It is to Babylonia, 
the land of the highest and most ancient 
Semitic culture, we must look for the 
most fruitful clues to ancient Hebrew 
thought and life.*’ Professor S. R. 
Driver^® writes: “In fact, no arche- 
ologist questions that the Biblical cos- 
mogony is, in its main outline, derived 
from Babylonia.’’ 

In very brief outline the Babylonian 
and Hebrew cosmogony is as follows. 
The earth is a flat disc with a large cave 
called Sheol in the center and with a 
great ocean beneath. The sun rises in 
the east and sets in the west. The firma- 
ment is a solid vault resting on moun- 
tains. Above the firmament is a body 
of water which comes to the earth 
through openings. The Biblical crea- 
tion was completed in six days of twenty- 
four hours. The chronological data in 
the Old Testament place the creation at 
about 4000 B. C. It is hardly necessary 
to add that the findings of modern 
science are quite at variance with such 
a cosmogony. Professor Herbert E. 
Ryle'* says : 

The first portion of the book of Genesis deals 
with the origin of the universe and the begin- 
nings of the human race. The narratives from 
a modern point of view are unseiontific. There 
is nothing in them of which modern astron- 
omy, geology or biology can take account. 
Physical science and the Biblical cosmogony, 
in their description of natural phenomena, be- 
long to wholly diverse phases of thought. The 
Biblical narrative under the symbolism of 
primitive folklore represents, as in a series of 
parables, fundamental religious ideas respect- 
ing the beginning of things.*’ 

Various attempts have been made to 
harmonize modem science with the cos- 
mogony of the Bible. Nearly half a 
century ago Sir J. W. Dawson (1820- 
1899) in his “Origin of World Accord- 

12 Hastings * Dictionary of Bible, I, p. 507. 

18 * ‘ Authority and Archeology, * * p. 15. 

14 ‘ * Commentary on Genesis, * * p. XXXVIII. 


ing to Revelation and Science” (1877), 
Professor James D. Dana (1813-1895), 
in his “Manual of Geology” (1880), 
and Professor Arnold Quyot (1807- 
1884), in his “Creation or Bible Cos- 
mogony in Light of Modern Science” 
(1884), made such attempts. These are 
all eminent scientific scholars. What 
they say concerning creation according 
to science is presumably correct. Where 
they all fail is in their interpretation of 
the record of Genesis. They read into 
the Hebrew words forced, unnatural and 
illegitimate meanings which the sound- 
est Hebrew scholarship can not allow. 
It is interesting to note that Professor 
J. D. Dana, in the last edition of his 
“Manual of Geology” (1895), omits the 
chapter on cosmogony, with which the 
book closed in the previous edition, the 
third, in 1880. No efforts at harmoniza- 
tion are now made by any leading Bibli- 
cal or scientific scholars. Any one mak- 
ing such attempts to-day would betray 
a lack of knowledge of the Bible or of 
science or of both the Bible and science. 

Then, too, it must not be forgotten that 
there arc two accounts of creation in the 
first and second chapters of Genesis. 
These differ in diction, style, subject- 
matter and theology. They are from 
different writers whose conceptions of 
creation were not the same. These two 
chapters can not be reconciled with each 
other. No one has ever attempted to 
reconcile the second chapter of Genesis 
with modern science. Professor John 
Skinner'® writes: 

Chapter 2 : differs fundamentally from Chap- 
ter 1 : both in its conception of the primal con- 
dition of the world as an arid waterless waste, 
and in the order of creative works: viz., man, 
trees, animals, woman. 

Professor S. R. Driver'® says : 

The cosmogony of Genesis has not yet been 
reconciled with the nebular theory of the origin 
of the solar system and with the succession of 

15 ** Commentary on Genesis,” p. 51, 

16 Andover Review, Vol. 8, p. 649. 
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life upon the globe, as these are at present 
taught hj science. Those scientists, who hold 
that they have succeeded in so reconciling it, 
are true to science; they do not realize the vio- 
lence which they are doing to human language 
as the vehicle and exponent of thought; they 
do not perceive that they are silently substitut- 
ing for the sense expressed by the author of 
the cosmogony an altogether different sense, 
such as the theory requires. 

The branch of science at present vio- 
lently attacked is evolution. This whole 
movement is inspired by the belief that 
it is contrary to the Bible. William Jen- 
nings Bryan, in addressing the legisla- 
ture of West Virginia (April 13, 1923), 
said: ‘‘The Bible condemns evolution, 
theistic evolution as well as materialistic 
evolution.’^ In his article in the Forum 
(July, 1925) he writes: “I do not dis- 
tinguish between theistic and atheistic 
evolutionists ; the former are atheists 
in the making and are doing more harm 
than atheists because they mislead more. 
Evolutionists are iconoclasts; they are 
bent on ridding the world of religion 
which they regard as a superstition.’’ 
The legislature of Tennessee has passed 
a law (1925) forbidding the teaching 
of evolution in state-supported educa- 
tional institutions. In Texas the state 
text-book board ordered (October, 1925) 
that all reference to evolution in the 
books adopted for use in the schools be 
eliminated by the publishers before they 
arc delivered. The legislature of Mis- 
sissippi passed (March, 1926) an anti- 
evolution bill. It is reported that strong 
lobbies are working in fifteen state legis- 
latures attempting to get anti-evolution 
bills passed. 

As evolution is a purely scientific 
question of a highly technical order, the 
man in the pulpit, pew or street is in 
no position to express an authoritative 
opinion on such a subject. The banish- 
ing of evolution from state-supported 
educational institutions is a serious blun- 
der. No state or national legislature is 
competent to decide scientific questions. 
W'e must look to the leading experts in 


biology, embryology, zoology, anthropol- 
ogy# geology, paleontology and other 
kindred sciences for a correct estimate 
of evolution. The supreme court in 
scientific matters in the United States 
is “The American Association for the 
Advancement of Science,” with over 
fourteen thousand members, embracing 
all the leading scientific men of the coun- 
try. This organization, at its annual 
meeting in Cambridge, Massachusetts, in 
December, 1922, affirmed without a dis- 
senting vote the following : 

No scientific generalization is more strongly 
supported by thoroughly tested evidences than 
is that of evolution. The evidences for the 
evolution of man are sufficiont to convince 
every scientist of note in the world. 

Such an opinion ought to carry in- 
finitely more weight among open-minded 
people than all the voices which are rail- 
ing at evolution. In the leading univer- 
sities, colleges, schools and academies 
evolution is taught as the best explana- 
tion of the facts of life. No other view 
satisfies so completely all the data. As 
Professor J. Arthur Thomson^^ says: 
“The evolution formula fits all the ob- 
served data. It is the key that opens all 
locks.” 

It can not be too strongly emphasized 
that evolution is not the cause but the 
mode of creation. We may call evolu- 
tion the method used by the Creator in 
bringing into being the myriad forms of 
animate and inanimate life. Professor 
E. O. Conklin'® says: “It is incredible 
that the system and order of nature, the 
evolution of matter and worlds and life, 
of man and consciousness and spiritual 
ideals are all the work of chance.” We 
may now read the first verse of the 
Bible, Genesis 1:1, “In the beginning 
God created the heaven and the earth” 
by the process of evolution. The Bible 
does not tell us anything about the 

^ Concerning Evolution, '' p, 53. 

Scribner *8 Magazine, November, 1925, p. 

457 . 
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method of creation but only that God 
created all. It is the province of science 
to tell us how all was created. In brief 
the Bible answers, Who? Science an- 
swers, How ? All assertions then about 
evolution being opposed to the Bible and 
its religion must be regarded as abso- 
lutely false. Such statements betray 
ignorance of the Bible and evolution. 
President Francis L. Patton’® says : 
“The anti-evolutionists have been fight- 
ing blindly because they have not them- 
selves the scholarship to know just what 
they are attacking.” 

The anti-evolution movement is pro- 
ducing certain evils. It is creating an 
indifference to and a disbelief in the 
Bible and religion. It is interfering 
with the progre.ss of Biblical study by 
filling Biblical chairs with persons out of 
sympathy with the Biblical learning of 
our time, as well as by removing compe- 
tent persons from their professorships. 
The same movement is preventing the 
teaching of scientific truth in educational 
institutions, is sowing the seed of divi- 
sion in churches and religious bodies as 
well as misinforming the general public 
on the real facts about the Bible and 
science. 

The anti-evolutionists in their use of 
the Bible show a strange inconsistency. 
They quote the Scriptures against evolu- 
tion, but fail to quote it against several 
other views accepted by all to-day. 
Thus the Scriptures assert that the sun 
rises and sets. Why not consider it a 
here.sy to believe that the sun docs not 
rise or set but is the center of the solar 
system? The Bible makes the earth a 
flat disc with a great ocean underneath. 
Is it not anti-Biblical to believe that 
the earth is a globe? The sky according 
to holy writ is a solid vault. Science 
shows that no such conception is possible. 
If we are going to make the Bible a final 

10 Continent, October 29, 1925, p. 1263, 


authority as to the mode of creation, as 
the anti-evolutionists so emphatically 
affirm, it would seem to be only consistent 
to make it a final authority in all its 
scientific statements. By not doing so, 
the anti-evolutionists really give their 
case away. 

The cause of the anti-evolution move- 
ment is found largely in the church. 
The pulpit in certain localities is half a 
century behind in Biblical and scientific 
knowledge. This is also true in some 
measure of certain theological seminaries 
and Biblical schools, which are thus fur- 
nishing men badly prepared for the 
ministry. Church people are thus taught 
erroneous views respecting the Bible and 
science. A fine illustration of this is the 
recent evolution trial in a southern state. 
Such a proceeding would have been im- 
possible in a community with up-to-date 
pulpit teachings on the Bible and science. 

The cure for this anti-evolution move- 
ment is a campaign of accurate knowl- 
edge about the Bible and science. The 
pulpit must rise to the occasion and lead 
this reformation against wide-spread 
ignorance. Theological institutions must 
give their students the ripest results of 
Biblical and scientific learning. Libra- 
ries should furnish readers with plenty 
of [)opular scholarly books on these sub- 
jects. Maga2dnes need to publish more 
articles on religion and science written 
by competent authorities. Scientific and 
Biblical organizations might issue cheap 
pamplilets containing exact information 
about these same problems under discus- 
sion. Above all, the press, that powerful 
moulder of public opinion, must co- 
operate mo.st heartily in this same cam- 
paign of enlightenment. The motto of a 
great university is ^'veritas vos lib- 
erabit.’’ Yes, the truth about the Bible 
and science is the only means of making 
us free from error, the error of so many 
who have zeal without knowledge. 



THE PROTECTION OF NATIONAL CULTURE 
AS THE PROPER BASIS OF IMMIGRATION 

RESTRICTION 

By JEROME DOWD 

KORMAN, OKLAHOMA 


One of the greatest questions, if not 
the greatest question, for the present 
generation of Americans is that of pro- 
tecting our culture from the contamina- 
tion of the inharmonious elements 
washed against our shores by the tide of 
indiscriminate immigration. The main- 
tenance of the existing law for the re- 
striction of immigration or some similar 
one is the most important obligation of 
the native-born American patriot. And 
every patriot needs to realize the fact 
that it is going to be very difficult to pre- 
vent the floodgates of immigration from 
being reopened. If wo would escape 
such a catastrophe we must keep up a 
constant vigilance and stand ready to 
present a united front against any as- 
sault upon the ground wc have already 
gained. 

At the present time there are powerful 
influences at work seeking to repeal our 
existing immigration laws. We have in 
our country vast hordes of foreign-bom 
people, who have no sympathy or respect 
for our institutions, and are more inter- 
ested in tearing down our culture than 
in assimilating it. They live in segre- 
gated quarters, jabber in their foreign 
tongue and vote for members of Con- 
gress who favor unrestricted immigra- 
tion. All the nondescript and unas- 
similable racial stocks in our country 
are opposed to our immigration laws, 
and, by reason of their united efforts, 
they wield a large influence in both the 
House of Representatives and in the 
Senate of the United States. 

During the World War, the people of 
the United States, after one hundred and 


thirty years of the open-door policy in 
reference to immigration, began to put 
into operation the opposite policy of 
closure. We discovered that a large 
number of men drafted into our army 
and navy could not speak our language, 
and felt no sense of loyalty to our flag. 
We came to realize that America was not 
a melting pot into which every kind of 
human ingredient could be poured with- 
out spoiling the broth. 

While our new policy of restriction is 
an eminently wise one, the arguments 
which we used to bring it about were not 
altogether sound, and, if we ever have 
occasion to legislate again on the subject 
of immigration, we should have a com- 
prehension of the valid reasons why im- 
migration should be restricted. 

One of the arguments that led us to 
restrict immigration rested wholly upon 
economic considerations. The labor 
unions of our country, and also the 
wage-class generally, had been in favor 
of restricting immigration for many 
years, because they perceived that the 
open-door policy had a tendency to keep 
down wages and to lower their standard 
of living. Then, when Europe was in 
the throes of the World War, many peo- 
ple on this side of the Atlantic feared 
that, when the war closed, we would be 
overwhelmed by the tide of immigration 
from the devastated regions of Europe. 
This fear was not confined to the wage- 
earners, but was felt by all classes, and 
thus there developed a strong public 
sentiment in favor of curtailing immi- 
gration on purely economic grounds. 
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Economic considerations, however, can 
not be made the basis for a sound immi- 
gration policy. A study of the tide of 
immigration will show that it adjusts 
itself automatically to our industrial 
needs, that during periods of business ex- 
pansion the tide increases and during 
periods of depression it decreases. There 
is little danger of an excess of immigra- 
tion under normal conditions. 

It is, of course, a fact that any in- 
crease in the supply of labor affects 
wages and the standards of living, but 
these effects have been in operation since 
the beginning of immigration, and they 
have no importance now that they did 
not have at any prior time. As long as 
our industrial condition remains dy- 
namic, there will be demand for more 
laborers, and an increase in the supply 
to meet the demand can have no effects 
of a serious nature upon the wages or 
standard of living of our native popu- 
lation. 

If the economic motive alone had in- 
fluenced us in restricting immigration, 
we would have enacted a law to limit 
future immigration to a certain percent- 
age of the total immigration to date, and 
would not have discriminated against 
certain races by limiting the immigra- 
tion from each country to a certain per- 
centage of people of that country al- 
ready here. 

The second argument which led us to 
restrict immigration was based on the as- 
sumption that certain races of the world 
are superior and others inferior and that 
we should encourage immigration only 
from the superior races. 

Prior to 1885 the racial stocks which 
composed our population had been 
mainly Nordic, and it was argued that 
the Nordic race was the great race of the 
world, and should be protected, by im- 
migration laws against contamination 
with the inferior races of Southern 
Europe and Eastern Asia. 

I do not think that there can be found 
rational support of the theory that the 


Nordic race is the greatest of world races 
or that it is superior to any other one of 
the civilized races. 

A number of anthropologists of very 
high standing hold that, from the stand- 
point of mental capacity, all the races of 
the world are equal, that such differences 
as we find in the culture of races arc due 
entirely to differences of environment 
and opportunity. All the races, even the 
aborigines of Africa and Australia, have 
shown a capacity to pass through Euro- 
pean schools of learning. 

I do not subscribe to this theory of 
race equality to the extent of believing 
that all races are equally capable of the 
same kind of achievements. I believe 
that the races of Ihe world differ very 
much in inherited traits; that they have 
all developed in different environments, 
and, in adapting themselves to their re- 
spective environments, have acquired 
special aptitudes and dispositions. For 
illustration, the Nordic people, by rea- 
son of the long and severe winters which 
keep them indoors, have acquired a pro- 
pensity to meditate and reflect. 

Their reason, therefore, predominates 
over their emotions. They have self-con- 
trol, self-reliance and a high degree of 
initiative. Also, as a result of their sea 
life and long period of tribal warfare, 
they have developed pugnacity, daring 
and love of adventure. 

The Mediterranean people, by reason 
of their sunny skies and outdoor life, 
have acquired an aptitude for convci*sa- 
tion and an acuteness of sensibility to 
the external world. They have devel- 
oj)ed a spontaneity and interest in the 
outer aspects of life such as we observe 
in all children. Their feelings and emo- 
tions are relatively ascendant and re- 
spond (piickly and delicately to whatever 
appeal is addressed to them. They are a 
people, therefore, who have natural apti- 
tudes for the production and apprecia- 
tion of art. 

Thus, the Nordic people and the Medi- 
terranean people have come to have dif- 
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ferent aptitudes, different types of cul- 
ture, and, therefore, have made different 
contributions to civilization. 

Now, I am unable to see any rational 
ground for assuming that the Nordic 
race is superior to the Mediterranean. 
If we admit that, in a general way, the 
Nordic race has excelled in science and 
that the Mediterranean race has excelled 
in art, I am unable to understand how it 
can he contended that a people who pro- 
duce science are superior to a people 
who produce art. The Mediterranean 
people represent a much older civiliza- 
tion, and, but for their expansion into 
northern Europe, the Nordic people 
would still be living in a state of bar- 
barism. 

I think that the Jews have as much 
claim as the Nordic people to be re- 
garded as the greatest race on the earth. 
Prom the little country of Palestine the 
western world got its chief spiritual in- 
spiration, and from the Jews of modem 
times every domain of higher culture has 
received rich contributions. 

I do not think that it will ever be pos- 
sible to convince rationally minded peo- 
ple that any one race is greater than all 
the others, and therefore any effort to 
regulate immigration on such an assump- 
tion will be likened unto building a 
house on a foundation of sand. 

The only legitimate ground for re- 
stricting immigration is that which rests 
upon the fact that each nation has a dis- 
tinctive culture to which it is patrioti- 
cally attached, and that the protection 
of that culture against defilement is the 
fundamental right and duty of each 
nation. 

The culture of a nation consists in its 
material organization, equipment and 
technique and its moral standards which 
underlie its institutions of the family, 
government, education, religion, art, etc. 
This culture has its roots in the distant 
pa.st and has come down to us through a 
very slow process of evolution. It is em- 


bodied in a nation’s traditions and it 
constitutes the discipline which gives 
character to its citizenship. 

Now, it is a sociological law that, in 
order for a nation to arrive at a high 
stage of civilization, it is necessary that 
sufficient time elapse to enable all the 
elements entering into a nation’s life to 
become harmonized, unified and crystal- 
lized into a tradition. In other words, 
the culture of a nation can not come into 
a flowering period without flrst develop- 
ing a common tradition. For illustra- 
tion, the chief reason why the people of 
the United States have not taken a 
higher rank in science, literature and art 
is that, being a new country, they have 
not had the time to develop the models, 
types, standards and culture groups 
which are indispensable to great produc- 
tions in these lines. 

Another sociological law is that the 
contact of nearly related cultures is stim- 
ulating to progress and favorable to the 
development of a flowering period ; 
whereas, the contact of distantly related 
cultures is antagonistic to progress and 
tends to retard or indefinitely postpone a 
flowering period. 

Applying these sociological laws to our 
immigration problem, we find that, up to 
about 1885, our immigrants brought with 
them a culture which was nearly related 
to the culture already rooted to our soil. 
This immigration was therefore stimu- 
lating to progress and favorable to the 
flowering of our culture. The elements 
of our culture had been harmonized, uni- 
fied and embodied in a tradition. We 
became a nation with a distinct and com- 
mon culture, and it began to flower about 
1840, expressing itself in such celebrities 
as Longfellow, Lowell, Emerson, Haw- 
thorne, Whittier, Poe. 

From 1885 to the World War the im- 
migrants to our shores not only came in 
greatly augmented numbers but brought 
with them a culture very unlike our own. 
Their language, religion, customs and 
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standards were foreign to our tradition, 
and could not readily be assimilated to 
our cultui’c. The immigrants bearing 
this foreign culture tended to form seg- 
regated colonies, where they continued 
to speak their native tongue and to live 
according to the customs and standards 
of their native country. 

The presence in our population of 
these antagonistic and unassimilable ele- 
ments of culture had the effect of dilut- 
ing and breaking down our native cul- 
ture and preventing that xirocess of har 
monizaticn which makes for a common 
tradition and the perfection of national 
character. 

If we had not set limits to this influx 
of foreign culture the consequences 
would have been disastrous to our civili- 
zation. 

There are special reasons why we 
Americans can not afford to have our 
culture diluted or confused at this time. 

We are already in a state of disorgani- 
zation and demoralization as a result of 
a too general and a too sudden breaking 
away from our traditions. Our intense 
in<iividualism has caused us to under- 
mine or outgrow the authoritative and 
disciplinary tradition which has given 
whatever stability and moral value we 
have in our domestic, political, religious 
and other institutions. 

This general bi*eakdown of authority 


and discipline amongst us has been show- 
ing itself in a great amount of crime, di- 
vorce, insanity, suicide and other mani- 
festations of ill-adjustment to the in- 
creasing complexity of social life. 

The culture of immigrants to the 
United States between 1885 and 1924 
was not only different from that of our 
native population, but was of an inferior 
ty])e. The earlier immigrants were more 
idealistic and dominated by fixed prin- 
cii)les. The chief incentive which 
brought them to our country was love of 
freedom and love of adventure. The 
later immigrants were more illiterate, 
more i)overty -stricken and more bereft 
of idealism, and the incentive which 
brought them to America was self-pres- 
ervation — the desire to escape the pangs 
of hunger. 

The increasing proportion of our for- 
ciga bom population of this type has not 
only caused a slump in the general cul- 
ture level of our x)eople, but has caused a 
falling off in the proportion of distin- 
guished men per million of white popula- 
tion.^ 

Tt would be the utmost folly to allow 
our culture to be further disturbed by 
foreign contact until the elements al- 
ready in the melting pot have had time 
to boil down. 

^ EllMWorfli Huntington, “The Character of 
Baces, “ p. 309. 
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Along the island-studded coast of 
southeast Alaska and of British Colum- 
bia arc numerous villages and settle- 
ments of native Americans known as the 
Northwest Coast Indians. Many of 
these villages are no longer occupied by 
their former inhabitants, while others 
show evidences of neglect because of the 
absence of their owners, who are work- 
ing in the canneries or who are imitating 
the white man’s ways and are living in 
new houses constructed of sawed boards, 
which are all too often fashioned from 
flimsy and makeshift materials, while 
the abandoned ancestral home, which 
represents the highest skill of the north- 
west coast Indian, is allowed to fall into 
decay. 

The house architecture, sculpture in 
wood, horn, slate and the wood carver’s 
arts of the northwest coast tribes have 
aroused wonder and admiration from the 
time of their discovery by the Russian 
explorer Behring, who first landed at 
what is now called Sitka, Alaska, in 
1741. The earliest account of their pecu- 
liar arts dates back to descriptions writ- 
ten by Captain Cook in 1778. 

Nowhere else in the world may one 
find a similar type of art representing 
for the most part the carved figures of 
animal forms. The carved images are 
usually of well-known animals, such as 
the beaver, bear, killer- whale, shark, 
hawk, eagle and raven, but are also of 
mythical creatures, such as the thunder- 
bird, which makes lightning by the flash 

1 One of the SmithBonian Radio Talks, ar- 
ranged by Mr. Austin H. Clark; broadcasted 
from Station WBC, Washington; March 25, 
1926. 


of its eyes and thunder by the clapping 
of its wings, and various others not 
found in the natural history books. 

These carved images find expression 
on the tall wooden totem poles, house 
posts, dugout canoes; in fact, almost 
every object of daily use from a musical 
instrument to an artistically carved 
cooking pot of cedar wood. The designs 
arc usually in low relief but are dupli- 
cated in paintings in native colors on 
house fronts, on boxes and in textiles and 
basketry. 

The most striking objects on which the 
native lavishes his best artistic efforts 
arc the tall columns of cedar wood fa- 
miliarly known as totem poles, but which 
arc really memorials, or, as we might 
say, tombstones, erected in honor of the 
maternal male relative whose property 
the builder had inherited. These totem 
poles are, of course, not built of stone 
but from the hollowed trunks of the 
giant yellow cedar. They are not set up 
in a cemetery, as with us, but occupy, 
instead, the place of honor at the center 
of the gable end of the owner’s house. 

The origin of the arts of the northwest 
coast Indians has never been satisfac- 
torily explained. It has been suggested 
that they may be ascribed to a recent 
A.siaiic influence or to migrations of 
peoples from the islands of the south 
Pacific Ocean, among whom the arts of 
wood-carving are well developed. An- 
other explanation offered is the effect on 
the daily life of the natives of the ex- 
tremely mild and humid climate of the 
northwest coast and the so-called Alas- 
kan panhandle. At Ketchikan, near the 
southern boundary of southeast Alaska, 
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A NATIVE HOUSE AND TOTEM POLE AT SKIDEGATE, 

A Haida Indian village on tub west coast ok Queen Charlotte Islands, British Columijia. 
The house entrance throuihi bare of pole has been supplanted with modern doors and 
iriNDOws. Carvings of grizzly bear may be distinguished near top and bottom op the 

COLUMN WHILE THE RAVEN OCCUPIES A PLACE AT THE CENTER. 
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AN OLD PAINTED HOUSE FRONT 

Of the Kwakiutl Indians at Alert Bay, Vancouver Island, British Columbia, 
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the average annual number of rainy days 
reaches a total of 235. Dense forests of 
beautiful cedars supply materials for 
most of the native arts and crafts. The 
fondness of the Indians for working in 
wood beco-mes almost an obsession with 
them and find expression, for example, 
in the long seaworthy dugout canoes hol- 
lowed from a single cedar trunk. These 
boats are constructed with a high prow 
and stern, each carved with representa- 
tions of mythical and realistic animal 
forms. The vessels are fitted with sails 
and are often used on fi.shing expeditions 
carrying parties of forty or more men 
hundreds of miles from their native vil- 
lage. The birchbark canoe of the in- 
terior northern tribes or the skin-covered 
boat of the Alaskan Eskimo is unknown 
to tliein. In a similar manner do the 
northwest coast Indians differ in almost 
every particular phase of their daily life 
from the other neighboring Indian tribes 
of Alaska, British Columbia and the 
state of Washington on the south. 

A complication in the question regard- 
ing the origin of the highly specialized 
art and material culture of the northwest 
coast Indians may be noted in their for- 
mer practice of wearing armor consist- 
ing of jackets of slats and rods of wood 
or bone. This custom was clearly bor- 
rowed from the jjeoplcs of Asia, many 
of whom wear similar coats of mail. To 
offset the significance of such proved 
contact with A.sia in comparatively re- 
cent times is the absence among them of 
certain other Asiatic traits, such as the 
making of coiled baskets, a trait whic> 
has spread throughout the Indians of 
western America as far south as Mexico 
and eastward to the Great Plains, includ- 
ing the tribes immediately surrounding 
the northwest coast area. These neigh- 
boring tribes have also borrowed another 
trait from Asia, namely, the construction 
of semi-submerged carth-covered houses. 
Such dwellings are typical of northern 
Asia over an area extending as far cast 
as Europe, but are not characteristic of 


the Northwest Coast Indians. There 
fore, as stated before, the origin of the 
culture of the northwest coast remains 
obscure. 

Wlien one refers to the civilization of 
native America, one thinks immediately 
of those traits which reached their high- 
est development in Mexico and Peru just 
before the days of the Spanish Conquest 
— the practice of agriculture, together 
with irrigation, and the use of the hoc; 
the domestication of certain animals; 
the building of smoothed stone struc- 
tures and temple pyramids. The growth 
of cotton, thread spinning and tlic use 
of the loom ; tlie making of pottery, to- 
gether with the use of tobacco and the 
wearing of sandals or moccasins, are the 
essential traits oC native American civi- 
lization. Not one of these traits was 
known or practiced by the Northwest 
Coast Indian. Still, in his own specialty, 
in wood-carving and in the artistic rep- 
resentation of realistic animal figures, 
in low relief carving on wood, stone and 
horn, also in painting of realistic or 
mythical animal figures and in textiles 
and in basket designs, the Northwest 
Coast Indian has no equal. 

They build their houses of planks 
split from cedar trunks with the aid of 
only tlie crudest tools and wedges. 
These houses have a true frame structure 
and arc skilfully fastened with cedar 
bark without the use of nails or pegs. 
Some of their houses are several hundred 
feet long and as much as fifty feet wide. 
Tliey are built with the gable end facing 
the beach, which is reached by a plank 
stairway leading down to the water’s 
edge, fn front of the lioiise and usually 
at the center of the» gable end is the 
totem pole (fig. 4). The entrance to the 
house is a hole cut through the base of 
the totem pole. 

Among tlie TUngit and certain other 
of the northwest coast tribes the totem 
pole has a hollowed cavity in the rear 
of the pole in which the cremated re- 
mains of the one in whose honor the me- 
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NEW GOLD HABBOB 

A Haida Indian village in the Queen Charlotte Islands, British Columbia. 
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morial was erected are placed. Nearly 
all the poles standing at the present time 
have such cavities for the storing of the 
remains of the deceased maternal an- 
cestor from whom the present owner in- 
herited the property. Among the 
Tlingit the name for totem pole is the 
word meaning coffin ; its use and signifi- 
cance would make it according to onr 
notions the equivalent for tomb-stone or 
memorial column. 

The erection of a memorial to his uncle 
of necessity includes carved representa- 
tions of animals and events illustrating 
the traditions and genealogy of the fam- 
ily, together with carved images of the 
family animal totem or crests which are 
the reputed remote animal progenitors 
of the particular clan and family to 
which the owner belongs. All this does 
not preclude, however, the right of the 
owner to introduce carvings illustrating 
some particular experience or event in 
his own life which might add weight to 
his bid for fame. 

Most people think of art and of artis- 
tic patterns as of something tacked on, 
something supplementary to, the essen- 
tial parts of an object. That useful 
things may in themselves be pleasing in 
outline without conscious additions made 
for artistic effect is not always realized. 
The art of the northwest coast Indian is 
unusual in that the totem pole which he 
erects is pleasing in itself, although not 
intended primarily to please but rather 
designed to impress the beholder with 
the owner ^s greatness or wealth or posi- 
tion in society, and to induce respect for 
himself as llie heir of the family crest 
and totem, all of which are expressed on 
the pole, usually at the base, center and 
top. The Indian has inherited the right 
to the crests and totems representing the 
traditional animal protector of his uncle 
or mother ^s brother, together witli his 
mother’s family or clan name and rank. 

Much stress is laid on the possession 
of wealth. The desire for the accumula- 


tion of property stirs them to the limit 
of their effort and ability. Religious 
ideas and mythical wealth-producing, 
half-animal creatures are called to aid 
in the pursuit of gain, so that many fig- 
ures carved on tlie totem pole represent 
mythical beings whose presence there on 
the totem pole insures the prosperity 
and future wealth of the owner. 

Totem pole art is almost entirely a 
representation of animals. These rep- 
resentations refer for the most part to 
the role played by certain animals as 
actors in native myths. To properly un- 
derstand the carving one must know the 
story of the myth. Then, to make tlie 
totem pole art still more abstruse, the 
Indian artist has certain rules of pro- 
cedure which obtain for him the desired 
results but which make the representa- 
tion of animals unintelligible to us un- 
less the rules are also known. 

He adds certain parts which conven- 
tion dictates must be added ; or he may 
simplify and represent only what are to 
him the essential animal parts. 

The curved beak of the hawk is in- 
variably represented as touching the 
mouth on the under side, while the 
thunder-bird which wears a cloud hat 
has a larger beak. The raven has a long 
straight beak, while that of the eagle is 
short and curved. Birds, even when 
they take human form, are to be recog- 
nized by a beak added to an otherwise 
human face. 

The beaver usually has a stick in its 
mouth, which it holds between its paws. 
The large projecting incisor teeth and 
scaly flat tail are further characteristics. 
Certain mythical water monsters may 
take on a variety of forms. Animal rep- 
resentations have erect ears placed above 
the eyes, but are otherwise often difficult 
to distinguish from human figures. 
Stock objects or fillers in occupying the 
spaces on the totem pole between the 
totemic crests are such minor animals as 
frogs and ground worms. 
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MEMORIAL POLE IN THE PARK AT 
SITKA, ALASKA 


Tills POLE WAS ORIGINALLY ERECTED AT KaSAAN 
VILLAGE, NOW WITHIN THE NATIONAL MONU- 
MENT or Old Kasaan. This pole was given 
TO Governor Brady by Jim Peei/s patiieh. 
It 18 SUPPOSED TO BE ALASKA MOST ELAB- 
ORATE COLUMN. 


The bear is usually carved in a sit- 
ting position and holding a stick between 
his paws. The tongue usually protrudes 
from his mouth. 

The shark carvings may be recognized 
even when represented in human form 
by three parallel markings on the cheeks 
representing gill slits. The forehead 
rises in a triangular shaped lobe, while 
the downward curved mouth is drawn 
back exposing sharp triangular teeth. 
Other fish are distinguished by their fins. 
The killer-whale is characterized by the 
prominent dorsal fin. 

The most important thing in the life 
of tlie Indian is his crest or totem. Rep- 
resentations of this animal crest are 
placed on every conceivable object of 
daily use ; they are even tattooed on his 
arms and body and are painted on his 
face. Tiie inheritance of a proper kind 
of a crest or totem determines an indi- 
vidual’s chances for succeSvS and for a 
favorable standing in the eomiiiunity. 
As he inherits the crest or totem ic animal 
protector from his mother’s male rela- 
tives, he makes it his business to erect a 
memorial column or tombstone to his 
maternal uncle as soon as he is finan- 
cially able to do so. This totem pole has 
carved on it, as mentioned before, the 
symbolical and often disitorted or sim- 
plified animal figures representing his 
inherited family glory or experience. It 
may be only after years of saving and 
effort that an Indian is able to erect the 
column whicli firmly establishes his place 
in the estimation of his fellows. 

At the time of the erection of his totem 
pole to the memory of his maternal 
uncle, it is customary to give away a 
large amount of property, such as 
blankets, canoes and in former times 
even slaves. Such feast or property dis- 
tribution has com© to be known as a 
potlatch. The giving of a ])otlateh by 
an Indian establishes his right in the 
community to a totem pole. The amount 
of property distributed among the vil- 
lagers depends on the size of the pole. 
The height of the pole, in turn, is de- 
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termined by the number of animal crests 
or totems and the rank of tlic maternal 
uncle which the builder of the totem pole 
is to inherit. An Indian would be 
laughed at by the inhabitants of the en- 
tire village if he erected a large pole but 
did not possess adequate means to dis- 
tribute sufficiently substantial gifts at 
the time of the raising of the pole or if 
he assumed animal crests which were not 
traditionally his to assume. 

Any unusual experience in the life of 
the individual may be incorporated in 
the carvings on the totem pole. One pole 
has the carved figure of a ship under full 
.sail. This pole belonged to a woman wJio 
was the first of her village to see such a 
vessel and the wliitc men who landed at 
Sitka, Alaska. 

Another carved figure on a different 
pole represents the experience of an In- 
dian at Tongass village who once acted 
as host to a former secretary of the in- 
terior who was visiting Alaska. Tlie 
secretary was a.sked to sit on a pile of 
fine furs in the house of the Indian. At 
the close of tlie interview he was told 
that he was forgetting his furs. ‘Ht is 
the custom of our people,’^ said the In- 
dian, ‘^tliat what a visitor sits upon is 
his. ^ ^ When the Indian ’s totem pole was 
erected later by his nephew, the former 
secretary of the interior was represented 
on it dressed in a frock coat, stovepipe 
hut and checked trousers. 

The story is told of another pole, also 
located at Tongass village. This pole 
belongs to an Indian of tlie Bear clan, 
that is, the family protective or totcmic 
animal crest was the bear. This Indian 
had at a former time given a potlatch or 
feast to a rival chief whose crest was the 
killer-whale. This rival chief lived at 
Wrangell and later through drunkenness 
lost all his property so that he could not 
give a potlatch in return, which was the 
customary thing for him to do. This ex- 
perience of the Indian of the Bear clan 
was represented on a pole erected by his 
nephews by carvings of the nucleus bear 
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OUIGINALLY KKECrEl) AT SKIDBXJATE VILLAGE, 
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iV’vi^iSinEMOBrAL COLUMNS 

*■ *.1’' > 

In front op the house of TitwIWiAo chief at Wrangell, A!*aska. The grizzly bear on the 

POLE TO the right IS THE TOTEMCStC FAMILY CREST OF THE NaNYAAYI CLAN; THE FIGUKE ON THE 
POLE TO THE LEFT IS A MYTHICAL CREATURE SUPI*OSED TO BRING GOOD LUCK. On THE BEARDS 
HEAD A NUMBER OP SMALL PLANTS ARE GROWING. 
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totem biting the dorsal fin of a killer- 
whale. 

Another example illustrating how 
strange carvings may find their way on 
totem poles may be seen on a pole erected 
in honor of one of the first converts to 
Christianity, at Sitka. A carving at the 
top of the totem pole represents Saint 
Paul. This was copied from an illustra- 
tion in an old Bible in the Russian 
church at Sitka. The carving is prob- 
ably responsible for the old story about 
the absurdity of a saint on a totem pole. 

The following story is told by Dr. T. 
T. Watermann to illustrate how carvings 
placed on a certain totem pole sometimes 
refer to events occurring in the life his- 
tory of some mythical animal hero. A 
certain family, whose totemic crest was 
the Raven, lived at the town of Kasaan, 
which is now known as the National 
Monument of Old Kasaan. This family 
represented on its pole the legend known 
as “raven traveling. “ At the top of the 
pole is raven himself, in human form. 
Below him is his likeness in bird form. 
The impish look that the artist managed 
to obtain in his wood carving would be 


difficult to reproduce. It might be said 
here that all animals know how to re- 
move their skin and to assume human 
form for the time being. All bears are 
known to hang up their hides in their 
den from time to time and to avssumc 
human form at will. On this particular 
pole placed just below the raven carving 
IS a fish called sculpin or bull-head — a 
very ugly and repulsive appearing fish. 

Bull -head used to be a beautiful fish. 
The raven noted for his trickery was 
walking along the shore and saw bull- 
head in the water. Raven called out to 
him, “Come on shore one moment.” 
Bull-head paid no attention. “Come 
ashore a moment,” said raven, “you 
look just like my grandfather.” “I 
know you,” said Wl-head, “you might 
as well be still. Future generations also 
will know what kind of a person you 
are.” Bull-head was thus too smart to 
come ashore. “Well, then,” said the 
raven, “from this time on your head will 
be big, and your tail will be skinny, and 
you will be ugly. ’ ’ In spite of his smart- 
ness bull-head is to-day one of the ugliest 
of fish. 



FRANCESCO REDI, THE FATHER OF 
EXPERIMENTAL ENTOMOLOGY 


By HARRY B. WEISS 

NKW BRUNSWICK, N. J. 


From an examination of the conven- 
tional texts on entomolo{?y, one would 
never suppose that the science had any 
backf^round whatever, historical or other- 
wise, so carefully are all references to 
very early writer’s and workers omitted. 
I have wondered often why a chapter 
at least could not be devoted to the early 
history of entomology, not in this young 
country but in the world at large. Per- 
haps some day some one will write retro- 
spectively on the subject, not neglecting 
to begin with the religious beliefs of the 
ancient Egyptians with which the scar- 
abaeus was so intimately entwined. 

Tn comparison with Aristotle, Pliny 
and others, Redi is quite recent, but it 
remained for him to explode by experi- 
mentation the long-held theory of Aris- 
totle concerning the spontaneous genera- 
tion of lower animals, even though dis- 
belief in Ari.stotle’s doctrine had been 
I>reviously expressed in print by Giu- 
sc])pc Aromatari of Assisi in his work 
* ‘ De Rabia Contagiosa ^ ’ ( 162»^) ) . Redi ’s 
book, ^‘Experiments on the Generation 
of Insects,'^ which appeared in 1668, 
while dealing mostly with the results of 
his various experiments, includes also the 
opinions of philosophers of the period 
ami many quotations from the classics, 
all designed to round out, historically or 
otherwise, his own work. 

In an effort to trace the truth in the 
ancient and then modern aiuj popular 
belief that decayed matter produced 
worms, Redi placed in his open breeding 
cages or boxes such a miscellaneous as- 
sortment of materials as dead snakes, a 
pigeon, a piece of veal, a poriion of 


horse-flesh, a ca[)on, a sheep’s heart, a 
fish and skinned river frogs. He noted 
the visits of flies, the deposition of eggs, 
the feeding of the maggots and finally 
the pupae wliich gave rise to various 
species of flies. He continued his ex- 
periments, using the raw and cooked 
flesh of the ox, deer, buffalo, lion, tiger, 
dog, lamb, kid, rabbit, duck goose, hen 
and swallow, and found that, as before, 
various species of flies were bred, some- 
times all from one piece of flesh. He 
concluded, therefore, that all worms 
found in meat arose from the eggs of 
flies and not from the decay of the meat. 
However, in order to confirm his theory 
he continued the experiments and de- 
vised new conditions. He put some of 
the food substances in sealed flasks so as 
to exclude the air, and others in con- 
tainer’s covered with a “fine Naples 
veil,” so that the air had access to them. 
Meat was buried under the gi*ound, and 
the work was repeated at different sea- 
sons, using different containers. No flies 
were bred from the sealed containers, 
nor from those covered with veils, nor 
from the buiied meat. In this way he 
proved to his satisfaction that flesh did 
not become wormy spontaneously. 

Concerning eheese worms, although he 
performed no extensive experiments, his 
previous work with flies led him to be- 
lieve that the eggs were laid in crevices 
of the ripening cheese, the maggots later 
burrowing into the tender h(*art of the 
cheese, ns oppose<l to the explanation of 
Gassendi that flies having deposited their 
eggs on leaves and grass eaten by cows, 
sheep and goats, these eggs were finally 
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introduced into the milk and cheese, 
where they developed into worms or 
maggots. 

After numerous trials in wliich cu- 
cumbers, strawberries, pumpkins, pears, 
apples, plums, lemons, figs and poaches 
were utilized, Redi found that such ma- 
terials, either raw or cooked, did not 
grow wormy if kept in protected places, 
but if left in exposed places produced 
different kinds of insects according to 
the eggs laid on them. 

He believed that, although all dead 
flesh, fish, plants and fruit constituted 
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good breeding material lor flics and 
other winged animals, fungi rooted in 
the ground or on trees produced a quite 
different kind of worm, and that what- 
ever was responsible for the worms in 
live fungi was also responsible for those 
in living plants and fruits. He notes the 
opinions of two other philosopher as 
follows : 


Fortunio Liceto, in liis book on the spon- 
taneous generation of living things, being con- 
vinced that the vegetative soul, more ignoble 
than the other, can not produce the sentient 
soul, believes that the generation of worms is 
due to the nourishment that plants take from 
the ground, in which, he says, there are many 
particles of the sentient soul communicated to 
it by the putrefaction of animal bodies, or by 
their excrement; he further adds that from all 
bodies, living or dead, many atoms or cor- 
puscles, preguant with the sensitive principle, 
are given off, fly about in the air and attach 
themselves to the bark of trees, plants and to 
their leaves and fruits, and subsequently cause 
the origin of worms. 

Pietro Gassendi thinks that worms breed in 
the pulp of fruits owing to the insemination of 
the flowers by flies, bees, mosfjiiitoes, etc., their 
seeds afterwards developing with the fruit, be- 
come worms. 

Rodi cxprossi's his own belief in the 
words : 

But if I must disclose my real feeling in the 
matter, I would state my belief that fruits, 
vegetables, trees and leaves become wormy in 
two ways. One way is that the worms come in 
from outside, and, seeking food, gnaw a path 
to the very heart of the fruit and the wood. 
The other way, which I esteem worthy of 
credence, is to be found in the peculiar potency 
of that soul or principle which creates the 
flowers and fruits of living plants and is the 
same that produces the worms of these plants. 
Who knows? Perhaps many of the fruits of 
trees are produced with a secondary, rather 
than a primary purpose, not as preeminent in 
themselves, but as objects of utility, destined 
as a matrix for the generation of those worms, 
which remain in them for a detenuiued length 
of time, and thence come forth to enjoy the 
siuishine. 

As to galls, ho suspected, before his 
experimental work on the generation of 
insects, that the fly made a slit in the 
young twigs ot* oak and inserted an egg 
therein, tlie gall arising therefore and 
being a sort of disease caused by the fly’s 
sting. He was not sure whether the 
galls appeared first and the flies later 
impregnated them with a seminal fluid 
that helped to produce the worm. He 
reflected, however, that many fruits and 
vegetables protected by rinds and pods 
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became wormy and observed that galls 
arose in yoting parts of the plants and 
developed with the plants. In view of 
this, he changed his mind and thought 
“it probable that the generation of 
worms in trees’’ did “not occur fortui- 
tously, nor’’ did “it proceed from the 
eggs deposited by flies, especially as 
every gall or growth has its own peculiar 
kind of worm, gnat or fly, which never 
varies. ’ ’ He further defends his view as 
follows : 

I do not consider it a groat sin against 
philosophy to maintain that the worms of plants 
are created by the same natural principle that 
produces the fruits of the plants; and although 
in some schools it is held as an axiom that the 
lower can not produce the higher, T think this 
absurd, for it seems to mo that the fact alone 
of flies and gnats being bred in galls is suffi- 
cient to remove all doubt. Besides, ‘‘low’* 
and “high” are unknown terms to Nature, in- 
vented to suit the beliefs of this or that sect, 
according to the needs of the case. But even 
if it were true, as the scholastics noisily assert, 
that the lower can not produce the higher, 1 do 
not, for my part, see what there is degrading 
or paradoxical in the assertion that plants, in 
addition to their vegetative existence, possess 
a sensitive power to which this is subordinate, 
and which enables them to produce animal life. 

Redi accounted for the presence of 
worms in cherries by the same theory. 
As for the worms in filberts he was un- 
decided whether they entered from with- 
out or were ^‘generated by direct pro- 
creation of the tree,’’ but finally believed 
that they came from the outside. 

He bred caterpillars through to but- 
terflies, and noted egg deposition, but 
was still doubtful, as the following quo- 
tation shows: 

T tried a great many other experiments, and 
made many observations, but owing to care- 
lessness, some pages, on which I h^ inscribed 
them were mislaid ; hence not wishing to trust 
to my memory, I shall pass on and toll you that 
it is possible that there is some kind of tree, 
which can engender caterpillars, undergoing the 
usual transformation from chrysalis to butter- 
fly. I do not affirm this, neither do I deny it. 


He was not able to witness cabbages 
produce caterpillars, as Aristotle as- 
serted, nor mulberry trees ‘‘engender’’ 
silkworms, as claimed by Father Kircher. 
As to tapeworms, liverworms of sheep 
and larvae in the nasal passages of sheep 
and deer, these were supposed by Redi 
to have been produced by a vital force, 
similar to the one active in the case of 
the cherry worm, oak galls, etc. He 
thought that the same force might pos- 
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sibly be responsible for the lice infesting 
the external parts of men, quadrupeds 
and birds but was more inclined to be- 
lieve with Johann Sperling that they 
originated from eggs deposited by 
females. 

Other matters are discussed also by 
Redi, such as the untrue ideas of bees 
arising from the decayed flesh of bulls, 
of wasps and honiets from dead horse- 
flesh and the habits and birth of scor- 
I)ions. In the course of some of his dis- 
cussions, he confirms the statements of 
Galen, Lucian, A. Aphrodisius, U. Al- 
drovaridi and Sperling, that flies die on 
coming in contact with oil, but could not 
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substantiate the additional affirmations 
of Aldrovandi and Sperling that the 
flies would revive if left in the sun or 
sprinkled with hot ashes. 

Francesco Redi was bom in Arezzo, 
Tuscany, in 1626, some thirty-three years 
after the emissaries of the inquisition 
started on the track of Bruno, the Ital- 
ian philosopher, their activity finally re- 
sulting in his imprisonment and death 
by burning in 1600 for “apostasy, her- 
esy and violation of his monastic vows.” 
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yoveii yeai*s after Redi’s birth, Galileo 
was eoiidcmned by the Holy OfHee to im- 
prisonment for an unceilain time on ac- 
count of his views on astronomy, the 
consulting theologians of the Holy Office 
having asserted in 1616 that the theory 
of the central position of the sun in our 
solar system and the rotation of the 
earth were ‘'untrue in philosophy, heret- 
ical and contrary to Holy Scripture/' 
Through the intercession of the Duke of 
Tuscany, Galileo's sentence was com- 
muted to banishment. 


Redi in his early youth studied in 
Florence under the Jesuit Fathers, who 
were strongly Aristotelian. Then he took 
up philosophy and medicine at the Uni- 
vci'sity of Pisa, later returning to Flor- 
ence, where he practiced. He finally be- 
came court physician and was highly 
thought of by Ferdinand II, Grand 
Duke of Tuscany, and by his son and 
successor, Cosimo III. In addition to his 
medical duties Redi was entrusted with 
minor diplomatic matters and often 
acted as mediator in settling differences 
of opinion between tlie Grand Duke and 
lus son. Cosimo, it is recorded, was 
more interested in prosecuting religious 
offenders and in settling matters of eti- 
quette than in anything else. In fact, 
the seventeenth century in Italy, except 
for the study of nature, has been charac- 
terized by some as vacuous, with every 
kind of affectation and mannered foim 
in vogue. Salvator Rosa, the Neapolitan 
artist, mourned over the feminality of 
his countrymen. 

On account of his position at court, 
Redi was sought by the learned of the 
lime and frequently used his favoi*s for 
the interest of his friends. Filicaja, the 
poet, was palronized by the Grand Duke, 
made a senator and later Governor of 
Voltcrra and Pisa, while Bellini, the 
anatomist and physician who studied 
medicine under Redi, was physician to 
the Grand Duke. Both were Redi's 
friends. Redi was a member of the Ae- 
cadomia del Cimento and to this society 
belonged his friends Carlo Dali, the 
philologist, who was interested in lin- 
guistic purism and to whom his “Ex- 
periments on the Generation of Insects" 
w'as dedicated, and Borelli, the physicist 
and astronomer, professor of mathe- 
matics in Pisa and later in Me^ssina, from 
which place he wa«s obliged to move after 
having taken pai*t in a revolt. Redi was 
also a member of the Linoei, founded in 
1603 by Cesi for the purpose of foster- 
ing physical sciences and an Arcadian 
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under the patronage of Queen Christina, 
of Sweden. 

Redi’s attitude toward the Jesuits was 
always deferential, due perhaps to his 
early training, perhaps to his position at 
court where he probably could ill afford 
to arouse the jealousy of religion by too 
advanced scientific views. Father Seg- 
neri, the Jesuit niission orator, was his 
close friend, and to Father Kircher ho 
inscribed his report on '‘Various Natural 
Curiosities brought from India. In his 
"Experiments on the Generation of In- 
sects," when disagreeing with Kircher, 
he speaks of the father as a "man 
worthy of esteem" being "led into er- 
roneous statements" and of Paracelsus 
as a charlatan, although at this time the 
statements of both Kircher and Para- 
celsus seem equally absurd. 

It seems inconceivable that Rcdi, after 
confuting the theory of the generation 
of insects in dead matter and after stat- 
ing his disbelief in the generation of in- 
sects in living matter, should, subsequent 
to his observations, completely change 
his mind and attribute the insects in liv- 
ing plants to "the same natural princi- 
ple that produces the fruits of the 


plants." Although his entire book is 
written in a somewhat conciliatory fash- 
ion, in his former observations involving 
dead matter he was not so distrustful of 
himself. Perhaps his early training and 
later association with the Jesuit Fathers 
limited his reasoning when it came to 
discarding the Aristotelian theory as ap- 
plied to living matter, a theory embraced 
by the Jesuits. Perhaps he was uncon- 
vinced by his observations. However, 
the error was later corrected by his pupil 
Vallisneri. Redi died in Pisa, March 1, 
1697, and the many editions of his book 
indicate that it was well received by co- 
existing workcre. It marked the begin- 
ning of experimentation. Spallanzani, 
bom in northern Italy thirty-two years 
after Redi’s death, was inspired by the 
work to conduct similar trials with mi- 
croscopic animals, with results similar to 
those of Rcdi, thus paving the way for 
later experimentation and discoveries. A 
translation of Redi^s book on "Genera- 
tion of Insects" by Mab Bigelow, to- 
gether with an introduction dealing with 
his life, by the translator, was published 
in 1909 by the Open Court Publishing 
Company. 





ARIADNE; OR SCIENCE AND KINDLINESS 

By Professor R. D. CARMICHAEL 

DKIVEBSITT OF ILUNOIS 


When Mr. Haldane wanted a quaint 
figure to stand as a picturesque symbol 
of the power of science he found it in 
the great architect and sculptor of 
Minoan Crete. This Daedalus was a far- 
distant ancient who was already becom- 
ing mythical at the beginning of Greek 
civilization. Haldane’s choice of him 
may serve to carry the veiled intimation 
that science has hardly changed its spirit 
through the ages. It has acquired new 
power to be sure, it has corrected many 
•of its errors in method and conclusion, it 
has produced astonishing results, but 
all through the centuries there have been 
important problems which it could not 
undertake, such as the significance of 
life or the meaning of the universe, or 
even such as the more imperative one of 
finding ways to increase kindliness 
among men. 

So great were the known successes of 
Daedalus, as in the construction of the 
palace and sanctuary of the Double Axe 
at Cnossus — a building exhibiting (as 
shown by rather recent diggings) an ex- 
traordinary architectural skill and a re- 
markable knowledge of sanitary and 
hydraulic science — and in the creation 
of the wonderful works of art with which 
it was decorated, that we are not sur- 
prised at the development of those leg- 
ends which ascribe to him the making of 
a wooden cow for Pasiphae and the 
fashioning of a bronze man to repel the 
Argonauts. 

Daedalus furnishes an apt mythical 
setting for a picture of science as the 
benevolent dispenser of great goods aris- 
ing from increased control over our en- 
vironment and our material heritage and 
as the source of blessings which specula- 
tion may fancy but experience has not 


yet known. Indeed the figure appears to 
be a little too apt for Mr. Haldane’s pur- 
poses alone. I l is quite suitable also for 
the directly opposed purpo.se8 of Mr. 
Russell, who can not see an attractive 
future for science but on the contrary 
says: 

I am compelled to foar that science will be 
used to promote the power of dominant groups, 
rather than to make men happy. Icarus, hav- 
ing been taught to fly by his father Daedalus, 
was destroyed by his own rashness. I fear that 
the same fate may overtake the populations 
whom modern men of science have taught to fly. 

How far ingenuity might succeed in 
interpreting the stories of Daedalus as 
symbolic of science I can not say. But 
the figure is so apt in one other respect 
that I can not refrain from pressing it 
further. In no legend of Daedalus is 
there an indication of his having con- 
tributed directly to the increase of kind- 
liness among men. The nearest approach 
to something of this sort, so far as I 
know, is the legend that he made a danc- 
ing place for Ariadne, the daughter of 
King Minos. Partial verification of this 
legend is found in the fact that such a 
dancing place has been discovered by A. 
J. Evans in the Minoan palace at Cnos- 
.sus. Probably it may be held that the 
frequent enjoyment of the dance will 
contribute something to the development 
of the spirit of kindliness; and evidence 
to this effect may be offered from leg- 
ends, since Ariadne afterwards had such 
sympathy with Theseus as to aid him in 
avoiding the belly of the Minotaur. 

With a little indulgence on the part 
of the reader and without any more vio- 
lence to the sacred stories than that done 
by Mr. Haldane and Mr. Russell I may 
use the place of Ariadne in the Daedalus 
legends as symbolic of the position held 
225 
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by kindliness in the work of science. 
The resulting essay may be read as a 
companion to those of Haldane and Rus- 
sell.^ 

Science has not tended to a study of 
kindliness. I do not know that any one 
has so much as raised the question as to 
whether it is the hormones or the chalones 
which are its instigators. The liormoncs 
are chemical messengers thrown by cer- 
tain glands into the blood circulation; 
they serve as excitants and stirrers-up 
of activities. The chalones are similar 
but have the opposite function of put- 
ting on the brakes. Probably no one 
knows whether kindliness is a dominant 
attitude needing hormones to stir it up 
or whether it is a recessive attitude 
which will be manifested if the brakes 
sufficiently retard inhibiting actions or 
whether both hormones and chalones 
have nothing to do with it; there seems 
to be no knowledge of any physiological 
facts on which kindliness may rest. It is 
possible that it is not determined by 
such facts. Science has not tendexl to a 
study of kindliness. 

And what is much more, science has 
tended to ignore the presence of kindli- 
ness in nature, or at least to give to it 
only a belated and imperfect recogni- 
tion. The u.sual picture of the struggle 
for existence shows the bared tooth and 
the reddened claw. There has been a 
fight to the death where many have 
passed into everlasting darkness and a 
few have carried on the light of progress 
— for a while. As applied to ourselves 
Huxley has stated this one-sided view in 
the following words: 

In the case of mankind, the Relf-assertion, 
the unscrupulous seizing upon all that can be 
grasped, the tenacious holding of all that can 
be kept, which constitute the essence of the 
struggle for existence, have answered. For his 
successful progress, as far as the savage state, 
man has been largely indebted to those quali- 
ties which he shares with the ape and the tiger : 
his exceptional physical organization, his cun- 
ning, his sociability, his curiosity, and his imita- 

1 J. B. S. Haldane, ^'Daedalus, or Science 
and the Future*'; Bertrand Bussell, ‘‘Icarus, 
or the Future of Science." 


tivoness, his ruthless and ferocious destructive- 
ness when his anger is roused by opposition. 

This is the principal direction in which 
science has tended to look for its under- 
standing of evolution. 

But there are other facts, and these 
lie so closely at hand that it is difficult 
to see how they were overlooked by so 
many, or, if seen, were given so little 
weight. In recent years they have re- 
ceived a fuller recognition. Some of 
them have been marshalled by the Rus- 
sian zoologist Kessler to support his 
thesis that ‘'in the evolution of the or- 
ganic world — in the progressive modifi- 
cation of organic beings — mutual sup- 
port among individuals plays a much 
more important part than their mutual 
struggle. Geddes has given many ex- 
amples of the evolutionary role of other- 
regarding activities and of the survival- 
value of subordinating the self to the 
species. Drummond has spoken elo- 
quently of the struggle for others as op- 
posed to the struggle for self. Kropot- 
kin has gathered many facts to show the 
importance of mutual aid in the animal 
kingdom. To him the law of mutual 
support is as certain as the law of mu- 
tual struggle and is “of the greatest im- 
portance for the maintenance of life, the 
preservation of each species and its fur- 
ther evolution.^' 

It is easy enough to see how the 
struggle for existence has arisen and 
why it has survival value. The inti- 
mate role of mutual aid is profounder 
and is more difficult to observe. Let us 
first see how it works and let us then 
seek its origin. 

When baffling difficulties confront an 
individual he may answer back by 
girding his loins and throwing himself 
against the limitations ; this is the 
struggle for existence. But instead of 
intensifying competition an animal may 
seek the security and safety of its off- 
spring. A bird may laboriously build 
more than two thousand feathers into 
its nest and thus protect its young, un- 
mistakably strengthening the family 
foothold in the struggle for existence, 



ARIADNE 


227 


but in doing so it is not directly harm- 
ing any other bird. Instead of sharp- 
ening claws and whetting teeth a crea- 
ture may find a place where their pro- 
tection is not so much needed. Instead 
of the fight with kin for subsistence we 
may have a more elaborate parental 
care. Instead of the ‘‘dismal cockpit’’ 
of nature which many have found we see 
with J. A. Thomson a frequent “en- 
deavor after well-being on a non-com- 
petitive basis.” 

A careless Darwinism has had a sin- 
ister effect. 

It has given the seeming sanction of science 
at one time to a soulless commercialism, at an- 
other to an overweening pride of race and the 
lust of dominion. By one of the paradoxes to 
which the history of thought is prone, the 
theory of progress has been in the main a 
weapon in the hands of intellectual and moral 
reaction. But every new theory has to go 
through its infantile diseases. The worst of 
these arises from that distemper of the mind, 
peculiarly prevalent in the half -educated world 
of modern thought, which prompts men to pick 
up ideas which specialists have elaborated for 
their own purposes in their own departments 
and apply them indiscriminately as catchwords 
to settle questions arising in another sphere. 

Moreover, there has been “a forgetful- 
ness of the ai^artness of human society 
from the animal world with which it 
is nevertheless solidary — an apartness 
which forbids any uncriticized transfer- 
ence of a purely biological induction to 
social affairs.” The trend of human 
society and civilization has been away 
from the harsher aspects of nature’s 
regime — notwithstanding the terrible 
temporary lapsings, such as that of the 
World War. The survival of the fittest 
among animals should be replaced among 
men by the survival of those who con- 
tribute most to enlarge the heritage 
which each generation receives from its 
predecessor and passes on augmented to 
its successor. 

Perhaps it is not far wrong to say that 
altruistic sentiment has its source in 
maternal affection. A mother enjoys 
her children as being flesh of her flesh ; 
receiving pleasure through them she 
loves them. Parental affection becomes 


a strong support to the species. The 
male loves the female, and a psychical 
bond grows up between them and is 
strengthened. ‘ ‘ The father becomes 
susceptible to the loved ones whom his 
mate cherishes. If hers, then his; 
and their nearness, their helplessness, 
strengthen the bonds of affection.” The 
antenatal partnership of parent and 
child creates a bond of close sympathy. 
“Can any one believe in any origin of 
altruistic sentiment which does not start 
from the love of mates, the love of par- 
ents for their offspring, the love of off- 
spring for their parents.” 

The sublimation of sexual attraction 
into friendship has been one of the great 
promoters of kindliness both in the race 
and in the individual. When this has 
grown into family affection it overflows 
to kin and afterwards to all men as parts 
of the common brotherhood of man. 
Much of the kindliness which has its 
root in sexual attraction and the care of 
a family would be lost if relatively few 
men should be the fathers of half the 
new generation, each having many chil- 
dren by many mothers — a condition inti- 
mated by Russell. 

Perhaps it will be agreed that one sex 
(the female) has predominantly the 
spirit of kindliness. IIow much it would 
help if each individual could have the 
experience of botli sexes, so that every- 
one would know the kindly feelings of a 
mother for her offspring. Moreover, the 
present situation leaves the race in two 
sex-groups necessarily without the abil- 
ity to understand each other fully. 
Whatever blessings the division into 
sexes may have brought it has certainly 
left us with the disadvantage of having 
two groups such that the individuals of 
neither can enter fully into the experi- 
ences of the other. Even in man there is 
a hint of another condition in which this 
evil might be removed by a complete 
hermaphroditism, and this is actually 
realized in the case of some of the lower 
organisms. But there is such a revul- 
sion of the normal person from the her- 
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maphrodite that man can hardly be ex- 
pected to use this solution of the problem 
even if he should obtain such control 
over sex as to produce double-sexed indi- 
viduals at will. 

And yet there can be no doubt that it 
would contribute greatly to the spirit of 
kindliness if each one who is a father 
•could also know for himself the experi- 
ence of being a mother. Perhaps the 
mothers would also gain something if 
they might have the experience of a 
father’s cares. 

If parents learn to control the sex 
of their children — as it now seems 
likely that they will — ^and if this con- 
trol results in a large preponderance 
of males, as Russell suppases, then we 
must either radically change our con- 
ception of the family or leave many 
men without the opportunity of that 
development of kindliness which the 
rearing of a family is capable of pro- 
ducing. If science should lead us to 
this state of affairs, it would not only 
fail — as it has in the past — to assist 
effectively in the growth of kindliness, 
but it would also be a large factor in de- 
stroying for many men their best oppor- 
tunity to develop kindliness. It can 
hardly be expected that they would be 
willing to play the role of the sterile 
worker-bee in the beehive and labor 
assiduously for the good of the race 
which they could have no part in propa- 
gating. They would become individu- 
ally harmful and dangerous on the whole 
to the best growth of human character. 

With respect to experiences depending 
on sex some of the lower animals are 
more fully equipped than we, though 
it must be admitted that they have not 
used their position to advantage. We 
have already mentioned hermaphrodit- 
ism which occurs in a true form among 
some of the lower organisms. It may 
also be noticed that there are some 
animal species — the glutinous hag is 
an example — each individual of which 
passes first through a stage when it is 
a male and afterwards through another 


when it is a female. If they possessed the 
requisite self-consciousness and memory, 
they could profit in character formation 
by the double advantage which we have 
thought of as coming from being both a 
father and a mother. They have the 
physical form without the mental requi- 
site for this value, while we in turn 
probably have the mental requisite but 
can not profit by the change of physical 
function. 

We do not yet know in what resides 
the essential metabolic difference be- 
tween male and female. One is a sperm- 
producer, and the other is an egg-pro- 
ducer. Among many creatures, includ- 
ing ourselves, one carries the unborn 
young and the other does not. The ex- 
perimental study of sex was late in be- 
ing developed — due to a certain feeling 
of indecency about such investigations, 
a feeling which is often not yet overcome 
among laymen. But much progress has 
been made in recent years — as every 
one must realize who has conceived the 
vivid picture of ectogencsis drawn by 
Haldane. 

Some investigators think that male- 
ness or femaleness depends on Mendel- 
ian factors, and they point in many 
eases to a special chromosome in the sex 
cells which they describe as sex-deter- 
mining in character. Others believe 
that *‘sex is an expression of deep dif- 
ferences in the rate and rhythm of 
metabolism, differences which may be 
swayed to this side or that by various 
influences.” 

When a male crab carries a certain 
parasitic crustacean called Sacculina its 
whole constitution is sometimes changed 
in a remarkable way. It develops 
female characteristics. The composition 
of its blood is greatly altered, showing 
a profound change in metabolism. 
“The male organ or testis disappears 
and its place is taken by a little ovarian 
tissue, which actually produces eggs.” 
There is a change of the abdominal ap- 
pendages in the direction of the femi- 
nine type of the species. “And the 
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male crab treats the parasite protruding 
under its tail as if it were a bunch of 
eggsT' We have been so accustomed to 
the fixity of sex that wc stand almost 
aghast at such a revelation. 

It is known that “the expression of 
the masculine and feminine characters 
is in some cases under the control of 
hormones or chemical messengers which 
are carried by the blood from the repro- 
ductive organs throughout the body, and 
pull the trigger which brings about the 
development of an antler or a wattle or 
a decorative plume or a capacity for 
vocal and saltatory display.’* Perhaps it 
is the effect of parasites on these hor- 
mones which leads to the observable re- 
sults in the conformation and habits of 
the crab just mentioned. 

For some years it has been known that 
pigeons lay two kinds of eggs differing 
in the intensity rates of their chemical 
processes. The eggs which are lower in 
storage capacity and more intense in 
metabolism develop into males. The 
eggs of higher storage capacity and with 
yolk of greater energy-value develop into 
females. The differences seen in the 
two kinds of eggs have their counter- 
parts in the adult birds, as is shown by 
analyses of the blood of cock and hen 
pigeons. Professor Oscar Riddle, to 
whom these discoveries are due, has 
developed individual birds which one 
could not call entirely typical of either 
sex; in each of them there is a sort of 
blend of the characteristics of both sexes. 
To some extent he has effected a sort of 
gradation from one sex toward the other. 

More recently such investigations have 
been carried much further, and wc have 
heard announced the actual change of 
sex in some individual fowls. We have 
seen that there are animals with which 
this is a natural process. But if we are 
to trust some recent experiments and 
observations we now have the possibility 
of changing the sex of some individual 
fowls in species in which such change 
does not normally belong to the life 
cycle. And the scientific study of sex is 


yet in its early infancy I Though this 
change of sex in fowls has been claimed, 
it is yet uncertain whether the results 
can be accepted. But it is significant of 
the trend of experiment that the claim 
has been put forward. 

Recent careful study shows that our 
conscious mental life is affected by influ- 
ences which flow up from the lower 
levels of an unconscious stream which 
moves without ceasing in the deeper re- 
cesses of our nature. In these depths 
lie (1) certain general tendencies and 
sentiments marking our sympathetic at- 
titude toward mankind, (2) deep racial 
memories, some of them going back per- 
haps to prehuman roots, like the almost 
universal dread of snakes, (3) influences 
from early life which are now submerged 
below the surface of our everyday ex- 
periences and (4) a deep-seated sex-urge, 
existent almost from infancy but coming 
to conscious force only at adolescence 
and then under the influence of the hor- 
mone-producing glands. According to 
Freud the repression of the sex-urge 
has a profound effect upon character 
and conduct which had not been sus- 
pected until recent years. 

In an essay in “These Eventful 
Years” (published by the Encyclopedia 
Britannica Company), volume II, p. 515, 
Freud himself says: 

But ono also came upon another purely em- 
piric result, by discovering that the experiences 
and conflicts of the first years of chiMhood 
play an unsuspoctedly important rOle in the 
development of the individual and leave behind 
indelible dispositions for the period of pubes- 
cence. Thus something was discovered which 
was hitherto systematically overlooked in sci- 
ence, the infantile sexuality, which from the 
tenderest age begins to manifest itself in phys- 
ical reactions as well as in psychic attitudes. 
In order to bring together this infantile sex- 
uality with the so-called normal sexuality of 
tho adult and w th abnormal sex-life of per- 
verts the concept sexual had itself need for ad- 
justment and extension, which could be justi- 
fied by the history of the evolution of the 
sexual instinct. 

It is thus apparent that the present 
body of knowledge, in biology and in 
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psychology, has an important fringe in 
the domain of the investigation of sex — 
about which we know a great deal with- 
out knowing what it is essentially. 
Both in the discovery of fact and in the 
development of theory there is great 
progress to-day in the understanding of 
sex. It has always been a central factor 
in human institutions and character and 
in the conception of ethical and moral 
standards — so emphatically indeed that 
the word moral is often used specifically 
in reference to the rightness of conduct 
in the sexual relation. The feeling of 
indecency which many persons experi- 
ence with reference to the study of sex 
is already disappearing from the minds 
of experts, and the layman is becoming 
used to it in a new way on account of 
the place which it holds in much of the 
current literary product — and not least 
in some of the most widely popular pro- 
ductions. 

Many questions of the future center 
around our increasing knowledge of sex 
and the effect which this may have upon 
the future life and progress of mankind. 
Witness the remarkable intimations of 
Ruaseirs “Icarus’’ and the more defi- 
nite and astonishing predictions of 
Haldane ’s ‘ ‘ Daedalus. ’ ’ Whether these 
authors are right in their indications of 
the possible lines of change makes but 
little difference. What is important to 
us is to realize that we are face to face 
with probable great changes in human 
society owing to the increasing knowl- 
edge of sex and the varying attitude 
towards it. Probably no one can sense 
with certainty the direction of change. 
But that we are to see a world new in 
many respects can hardly be doubted. 
Sufficient evidence for this lies in the 
one fact alone that human parents prob- 
ably will be able (at a not distant date) 
to choose the sex of their offspring. We 
have already considered some of the 
great consequences which might follow 
from such a power of control. 

With many of these thoughts in mind 
my head pressed a restless pillow and I 


had one of the strangest of dreams — but 
in the dream itself it appeared to be one 
of the most natural occurrences : we are 
never surprised at what happens in a 
dream, however strange it may seem to 
us afterwards. I appeared to myself to 
be on the planet Mars and in attendance 
upon a scientific meeting. To be upon 
this one of the many islands in our uni- 
verse appeared no stranger to me than 
to be upon one of the islands of our 
earth. 

I was present, as I said, at a sci- 
entific meeting. The lecturer was giv- 
ing an address of a semi-popular nature, 
in character much like those which we 
frequently have as retiring presidential 
addresses before the American Associa- 
tion for the Advancement of Science. 
Jf I should undertake to classify the 
speaker 1 should probably call him a 
geologist ; but the Martian geologists 
seem to utilize history in their science 
much more than is possible upon the 
earth. This is due to the fact that 
written records seem to be extant with 
them of such an age as could be de- 
scribed by us only in geological terms. 
Moreover, it appears that the Martians 
of to-day have, and have deciphered, the 
written records of another intelligent 
race much older than themselves — The 
Lost Race — ^a race which has been ex- 
tinct for such a time as we could describe 
only in geological terms. The present 
race of Martians is more like a far-de- 
veloped evolutionary form of some spe- 
cies of two-sexed individuals such as we 
have found among the lower organisms 
on the earth. In my dream it appeared 
that each individual of the extant Mar- 
tian race, if he or she comes to full 
maturity, first passes through the sex- 
ually neutral (or nearly neutral) stage 
of childhood, then through a stage in 
which “he” is a male and normally a 
father, then through a sexually resting 
stage (characterized by a great mental 
productivity), then through a stage in 
which “she” is a female and normally 
a mother, and then finally through a 
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quiescent stage to death (without any 
intervening period of senility). The 
speaker whom I heard in my dream 
was at the period when one changes 
from maleness to femaleness. 

This Martian historian-geologist spoke 
to his colleagues as follows: 

‘'It is well known to you that we have 
for a long time been able to read the pic- 
ture writing of the Lost Race who pre- 
ceded ourselves in their dominion over 
this planet, and that through it we have 
understood many of their characteristics. 
It had been suspected that these records, 
which were deciphered over a century 
ago, belonged to their earlier history; 
and, in fact, we have had in our hands 
for two generations a great wealth of 
strange documents which clearly showed 
a later origin both by their apparently 
more advanced character and by their 
having been found in strata evidently 
belonging to a later geologic age. But 
these strange records remained for us 
until recently a veritably sealed book. 
Thanks to recent excavations and to the 
remarkable skill of contempor<ary schol- 
ars we have come into possession of a 
key to the records which have been accu- 
mulating for a century, and we are now 
able to unravel the later histoiy of the 
Lost Race and to understand something 
of the cause of their disappearance. All 
of you have heard of the discovery of the 
I’cmarkable Parallel Document, so called 
from the fact that we have the same ex- 
tended account engraved on stone in 
parallel columns in two systems of writ- 
ing, one of these being the known picture 
system and tlie other being an alpha- 
betic system. With a great skill and in- 
genuity in linguistic interpretation the 
former has been made to yield the key 
to the latter; and the accumulated docu- 
ments of a century of excavations have 
become an open book to us. They yield 
a fascinating account of the later history 
of the Lost Race and thus give us a new 
means of understanding by contrast 
many of our own advantages. I shall 


undertake to set forth some of the re- 
markable results of this recent scholar- 
ship. 

“Let me first recall to your minds 
briefly the state of our knowledge of the 
Ijost Race prior to this recent decipher- 
ment of their later records. As already 
indicated, this has been drawn princi- 
pally from the picture-writings — now 
definitely known to belong to their ear- 
lier history. It is natural that our 
knowledge of them should have arisen 
from these primitive records, for pic- 
tures furnish a universal language. 
Even in the conventionalized form used 
by the Lost Race in writing there yet 
remained something very suggestive of 
what was intended by the symbols. Not- 
withstanding this we should probably 
never have been able to decipher them 
had it not been for the fact that their 
scientists had attained to an accurate 
knowledge of astronomy and geology. 
There is a certain invariancy in the ma- 
terials of these sciences over a long pe- 
riod of time. They described geological 
formations so accurately that we were 
helped in finding the meaning of many 
symbols by our own precise knowledge 
of the facts which were being described. 
But, most of all in their statement of the 
precise laws of astronomy, we have had 
the best means of checking up their pic- 
ture symbols for things of a more ab- 
stract nature. But I need not carry you 
through this whole story; it is already 
familiar to you. It is sufficient to our 
present purpose to remember that we 
were able to understand the picture 
writing of the Lost Race principally 
from two fortunate facts: The pictures, 
though conventionalized, were often very 
suggestive of the meaning intended ; the 
picture documents contain accurate 
scientific accounts f facta and princi- 
ples which we also know through the 
labors of our own scientists, and we are 
thus able (by moans of what we know) 
to successfully interpret their language 
when they describe or explain the same 
things. 
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'‘From the picture writings and espe- 
cially 1‘rom the fragments of biology, we 
have learned that each individual of the 
Lost Kace was a one-sexed individual 
like most of the lower animals whom we 
know to-day. We shall see later that 
their destruction was intimately con- 
nected with this fact. But we must 
dwell a little while on the fact itself, 
since it is so hard for us to realize that a 
really advanced race of intelligent beings 
could exist when every individual has 
the experience of only one sex. They 
were never able to profit, as we always 
do, from the wisdom of our Old People, 
each individual of whom has passed 
through the whole gamut of racial expe- 
rience. Their population existed in two 
groups separated by a wide gulf. There 
could be no passing over from one sex to 
the other in the experience of a single 
individual. No member of the Lost Race 
could have more than half the normal 
experience of an intelligent individual. 
One might be a father; but, if so, that 
one could never be a mother. One might 
be a mother; but, if so, that one could 
never be a father. As a result of this 
every member of the Lost Race came to 
the end of life with only a half-life 's ex- 
perience, so to speak. Judged from our 
point of view, every member of that race 
died in immaturity, without ever having 
come to a state of quiet and full wisdom 
such as all our Old People have reached. 

“After youth the members of that 
race passed to a sexually mature stage 
and in that stage they spent the greater 
part of their lives. They did not have 
the sexually resting stage during relative 
maturity when an individual could be 
free from those appetites of the body 
which so often are distracting to mental 
occupations. One of our greatest bless- 
ings, as wo all recognize, comes from the 
achievements of our middle age when we 
are sexually neutral. Our whole ener- 
gies then can go into mental activity. 
This is the period of life, as you know, 
in which nearly all our greatest scientific 


discoveries are made. Without such a 
period we could not maintain our pres- 
ent high state of science and civilization ; 
this proposition would probably be dis- 
puted by no one who meditates on the 
great flowering of mental achievement 
which we so often witness in the period 
of rejuvenescence in which we are sexu- 
ally neutral But the members of the 
Lost Race had no such blessings. When 
they passed from the stage of sexual ac- 
tivity they entered upon a strange pe- 
riod which they called senility. The 
body remained alive and the mind con- 
tinued to exist in some imperfect and 
slowly functioning form. Neither the 
body nor the mind remained strong to 
the end, except in the case of very few 
individuals. They did not possess the 
means of rejuvenescence which is com- 
mon to us just after the stage of male- 
ness and prior to the stage of female- 
ness. These beings, in some respects 
highly organized and highly endowed, 
were lacking in that plasticity which is 
needed if each individual of the race is 
to pass through what we may call a full 
racial experience. Each individual of 
them could have only a half-racial expe- 
rience. 

“This fact concerning them we have 
known for a long time, and we have real- 
ized how it must have left them always 
with a strangely incomplete experience. 
The race was divided into two parts, one 
of them having one portion of the racial 
experience and the other having another 
portion ; but no individual could have a 
full racial experience. This, I say, we 
had known for a long time; but it is 
only with the recent decipherment of the 
more advanced documents that we have 
been able to realize what was implied in 
this defect. That the Lost Race itself 
was only dimly aware of its deficiency is 
natural, for it is well known from the 
geological record that they flourished at 
a time when only low forms of life ex- 
isted with the nature which has since 
been found essential to the highest 
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achievements, namely, that in accordance 
with which each individual passes suc- 
cessively through both sexual stages with 
the intermediate sexually neutral stage. 
But when we look upon their newly re- 
vealed history from the vantage point of 
our own experience we have readily such 
an understanding of them as they them- 
selves could not have acquired. 

‘‘A word must be said about the na- 
ture of the new documents which have 
been recently interpreted. As already in- 
dicated, they are alphabetic in character. 
It is remarkable that this ancient Lost 
Race made in a fairly perfect form such 
an achievement as this — one which we 
know ourselves to have made only after 
a long struggle through numerous tenta- 
tive written languages. To find a means 
of interpreting an alphabetic written 
language is very difficult unless there 
is some clue to it. This explains why 
we could have remained in possession 
of these ancient documents a long 
time without understanding them. We 
might never have deciphered them had 
it not been for the discovery of the 
remarkable Parallel Document. With 
the latter in hand, the task became pos- 
sible, though it was still difficult. The 
key to the alphabetic language was dis- 
covered. Thus the accumulated alpha- 
betic documents became open to us. 
Once it has become possible to interpret 
an alphabetic document it can be read 
with much greater ease, speed and ac- 
curacy than a picture document. This 
accounts for the rapidity with which the 
alphabetic documents have become 
known to us, once a key to them had 
been discovered. 

‘‘As intimated, wc arc now in a posi- 
tion to understand the disappearance of 
the Lost Race. I have singled out this 
aspect of our knowledge of them for spe- 
cial emphasis at this time because of the 
great lesson which it has for us. I need 
not pause to speculate on what would 
have been the consequences to ourselves 
if the Lost Race had not perished. But 


I may, in passing, point out one obvious 
fact. If that race had not disappeared 
there would have been no place for us. 
As it turned out, they lacked stability, 
to be sure; but they were on the scene 
ahead of us. One of their scientists has 
described a small animal which we recog- 
nize as our remote evolutionary ances- 
tor ; and he described that animal as an 
undoubted lower organism. Moreover, 
our ancestor was evidently repulsive to 
him, for he speaks, almost as with a feel- 
ing of indecency, of the fact that each 
individual in the race of our ancestors 
passed in its life through both sexes. 
There can be no doubt that the Lost 
Race, if it had remained in its one-time 
position of supremacy, would have re- 
sented the evolutionary emergence of our 
race and would most likely have de- 
stroyed our ancestors. It raises strange 
feelings in our mind when we realize 
that our present state and probably our 
very existence depend on the fact that 
the Lost Race did indeed disappear. 
With what feelings would the members 
of that remote race have contemplated 
our ancestors if they could have sus- 
pected that they themselves would later 
yield their supremacy and disappear 
while wc ourselves should come to such 
heights of achievement as they were 
never able to reach. 

“But we must return to a considera- 
tion of the fatal weakness of the Lost 
Race. This was revealed only when we 
began to interpret the more recent rec- 
ords of their experience. In this way 
we have been able to understand what 
was formerly a great enigma to our best 
scholars. Heretofore we had known but 
little more than the material surround- 
ings and conditions of the Lost Race. 
While we saw many of their imperfec- 
tions as comparcil with ourselves — some 
of them I have already mentioned — we 
nevertheless found them in possession of 
a harmoniously organized body and in 
control of material forcea far beyond the 
minimum that would be necessary for 
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subsistence at a high level. In none of 
these things was there any intimation of 
the prospective doom awaiting them. 
Our best thinkers had long felt that 
there was nothing in the material or 
physical situation which could account 
for the disappearance of a mighty race 
with sound bodies. It had been suspected 
that something in mental outlook or 
moral standard — in short, something of 
a spiritual character — stood between 
them and that perpetual dominion on 
our planet to which they looked forward 
— apparently not without cause. 

‘‘That this suspicion of our scholars 
was correct has now been abundantly 
verified by the conclusions which are in- 
evitable from the facts found in the re- 
cently deciphered documents. But the 
specific nature of the defect which has 
been revealed is such as no one could 
have suspected as belonging to rational 
beings — in fact, it is so strange as to 
raise serious doubts as to whether the 
members of the Lost Race were really 
rational beings. 

“Let us see what were some of the 
facts in the case. They continued to be 
warriors up to the end, that is to say, as 
long as they existed in sufficient num- 
bers. In the primitive ages of their 
earliest history war was probably useful 
in developing some of the ruder of the 
sturdy virtues and in its selective effect ; 
this is in accordance with what is gen- 
erally recognized in the remote history 
of our own race before war was abol- 
ished. But there came a time with them 
when war was no longer profitable; it 
was merely destructive. In this respect 
it was like what our own historians tell 
us about our remote past. It appears 
that all the advantages of war are re- 
versed and become evils when the race 
engaging in it has become possessed of a 
sufficiently full control of material re- 
sources. It becomes possible for a few 
well-equipped persons to destroy too 
great a number of his opponents ; it gives 
no opportunity for developing those 


ruder rugged virtues which primitive 
conflict seems to have a means of foster- 
ing; it exercises in no way a selective 
influence but destroys the population 
without discrimination even to the ex- 
tent of wiping out whole cities and 
provinces. 

“Such is the experience through which 
the Lost Race passed. Wars continued 
with them without ceasing, as we learn 
from the remarkable document prepared 
by some of the last remnants of the race 
on the remote island of Enola — an island 
on which excavations have only recently 
been made. If the great so-called Last 
Document of the Enola remnants of that 
race is not indeed the last record which 
the race has left us of their experience 
it is certainly not far from the last. 
This remnant contained the sole surviv- 
ing members of the Lost Race which they 
themselves knew ; and they probably 
came to their end from earthquake or 
other great disturbance of the island, for 
the island of Enola is known to have 
been subject to volcanic action. 

“But let us return to the record which 
the Enolans have left of the later his- 
tory of their race. It is principally an 
account of wars which increased in 
ferocity from generation to generation. 
For some thousands of years these wars 
were in the nature of combats confined 
to certain parts alone of the planet. 
But with increasing organization and 
control of materials and means of trans- 
port these became broader in their reach 
until each of them finally involved the 
whole world. The means of combat 
were so cruelly refined and the rivalry 
was so ferocious that it finally came 
about that the victors exterminated their 
opponents practically in toto. Many of 
these people began to feel that life was 
hardly worth living and the birth-rate 
accordingly declined. 

“Moreover, the victorious members of 
the Lost Race, having almost completely 
exterminated their rivals, failed to be 
able to continue in agreement among 
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themselves. They became divided into 
hostile camps and fought to the prac- 
tical extermination of one party. The 
process was repeated through several 
wars until respect for life had passed 
to a lower ebb apparently than has 
otherwise been known among the spe- 
cies of this planet. 

‘‘It seems that the continued state of 
turmoil and the repeated experience of 
warfare brought about the production 
of monsters — members of the Lost Race 
from the lower levels of society who had 
learned the means of destruction in- 
vented by their greatest scientists; and 
that these monsters, with a diabolical 
delight, turned the tools of destruction 
against their fellows and hastened the 
disappearance of the race. 

“From the Enolan records it appears 
that some members of the Lost Race — 
at least some of those on Enola — realized 
the need of a moral awakening, a stir- 
ring of a sense of kindliness — which was 
surely absent from those who planned or 
permitted these destructive wars. I can 
not go into the details of the record — in 
fact, not all of it has yet been deciph- 
ered. It must suffice to say that no suc- 
cessful means was found — at least none 
was found soon enough — to overcome the 
spirit of rivalry and to replace it with 
such a spirit of kindliness as would 
leave the members of the Lost Race with 
the ability to live together in peace. 
Obviously they might have continued 
indefinitely in the state of warfare if 
they had not developed such means of 
destruction ; but, with the latter in their 
power and with an unabated spirit of 
rivalry everywhere rampant, it was in- 
evitable that they should be reduced at 
least to a few greatly hampered rem- 
nants. 

“In fact, it appears, as we have said, 
that they were reduced to the single 
remnant on the island of Enola. In the 
writings of these we begin to find a 
fairly intelligent discussion of the need 
of kindliness as an element of character. 


In the earlier records of the Lost Race 
one can hardly find an intelligible men- 
tion of kindliness ; and, when there is a 
reference to it, it seems to be referred to 
rather as a weakness than a virtue — 
rather as a confession of inability to 
hold one ^s own and a hope that one will 
be left undisturbed by the more pow- 
erful. 

“But a certain incipient spirit of 
kindliness was in existence among the 
Enolans. They could not fail to see how 
its absence had brought about the almost 
complete destruction of their race. But 
they seem never to have had a realiza- 
tion of the extreme irrationality of a 
character which possessed great power 
over the forces of nature but which had 
not a corresponding great kindliness in 
its make-up. They got only so far as 
to sense dimly what the spirit of kind- 
liness must be to be effective for good; 
and then they disappeared — destroyed, 
it seems, by the power of the natural 
elements. 

“It will bring strange feelings to any 
of us to contemplate what might have 
been the consequences if the Enolans 
had lived and had rapidly developed a 
spirit of kindliness and had thus ac- 
quired the means of survival in large 
numbers. They would doubtless then 
have repeopled our planet, and they 
would not have permitted our own evo- 
lutionary emergence. But they were 
not to succeed with their too late experi- 
ment. They had had their day and 
chance and had failed ; nature would not 
allow them another opportunity. The 
Enolans were the last remnant of their 
kind and the race disappeared with 
them. 

“What is to us the practical lesson of 
this diagnosis? Wc should have a new 
sense of the importance to ourselves of 
the spirit of kindliness, a characteristic 
in which we have taken delight for ages. 
Let us recognize anew its great impor- 
tance to our evolutionary progress ; and, 
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while we have made such conquest in 
this direction as has not otherwise been 
witnessed on our planet, let us resolve 
that the measure of our kindliness shall 
always increase. For many ages it has 
been the greatest theme of our literary 
people (with the Lost Race a similar 
place was held by the spirit of competi- 
tion and rivalry). The choicest gems 
enshrined in our language were written 
in praise of kindliness, the authors ex- 
periencing a sort of divine afflatus when 
speaking of it which no other theme has 
evoked. In the more primitive period 
of our existence this clement of our 
character was not apparent; but that 
was the time when our remote ancestors 
had not yet attained the full standard 
of rational beings. As we see the matter 
now, kindliness is necessary in any being 
of sound character and rational intellect. 

‘‘But we must not judge harshly the 
members of the Lost Race for their fail- 
ure to develop kindliness. This grace of 
character is based partly on mutual un- 
derstanding — and that is a thing which 
was impossible to them in fulness because 
of the fact that the race existed in two 
sexes with a, bar between them which 
could not be passed by any individual. 
Perhaps their physical constitution made 
it impossible for them to develop some 
of the essential spiritual graces. It 
might be supposed that the mind would 
rise superior to the physical organism 
and so emphatically assert the need of 
kindliness that it would be developed. 
But such was not the case — at least, it 
did not happen soon enough to save the 
Lost Race. They perished from the 
face of the planet and left the opportu- 
nity to us. Will we be able to hold the 
dominion permanently or is there now 
some lower organism developing in the 
direction to become our superiors t And 
will some later geologic epoch witness 
their control as the lords of this crea- 
tion t No one can tell. ^ ^ 

This vivid description of the passing 


of a Lost Race of great power and high 
intelligence — compressed as it was into 
a short lecture, and lacking in detail — 
made a profound impression on the 
speaker’s colleagues. It was clear that 
they were deeply moved by the concep- 
tion of the rising and passing of great 
races; their minds were stirred with 
profound questionings, inquiring, “ What 
shall we do to be saved V” 

As I said at the outset the incidents 
of the dream, as they were occurring, 
appeared to be perfectly natural. There 
was no sense of surprise. When I 
awaked it seemed almost as if I had been 
instructed by a supernatural visitor. 
But I soon realized, that nothing had 
happened except that my mind, uncon- 
trolled in sleep, had put together in a 
new form the facts that I had been con- 
templating during the evening, had 
transferred them to a new setting, and 
had added a few exaggerated features 
of its own. I observed that the dream- 
speaker had assumed without question 
that mechanistic or materialistic philoso- 
phy of life which is prevalent with a 
certain group of scientists in our own 
day. When he thought of superior ele- 
ments of character in his own race he 
turned without question to seek a physi- 
cal basis for them. Nowhere throughout 
his discourse was there more than a bare 
reference to the possibility of achieving 
good things through experiences initi- 
ated by the mind. 

It was not difficult to agree with him 
about the beauty and worth of kindli- 
ness, but I could see no good reason for 
suppasing that it rests entirely or even 
mainly on the physical basis which he 
urged. That there would be a certain 
advantage arising from the role of sex 
in his race and from the activities of the 
sexually neutral period I could well be- 
lieve. But I could see no reason for giv- 
ing it the central position which he as- 
signed to it. Nevertheless, it set me on 
a curious speculation which I shall 
record. 
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It is evident that the two sexes of the 
human race have developed distinctive 
qualities of character, and it is conceiv- 
able that an advantage might arise if we 
had means of producing in every one the 
better qualities of both sexes. In order 
to bring this about it is important to 
know the cause of these ([ualities in the 
two sexes. They arose in the evolution- 
ary process. On the physical basis let 
us suppose that these qualities are 
brought out in an individual by hor- 
mones which are sent out from the sex- 
glands, the process of evolution — so far 
as this matter is concerned — having pro- 
cured the selection of individuals in 
whom the hormones are generated. If 
the differences arise in this way, the 
sexes could perhaps be brought toward 
a common character by a transfer of 
hormones from each sex to the other. 
This is a weird speculation which the 
Martian theory of sex suggested. 

The restrained insistence of the Mar- 
tian on the need of the spirit of kindli- 
ness is much more impressive. His Lost 
Race, of course, was only the dream pic- 
ture of our own race — a race with too 
much power in its hands for the mea- 
sure of kindliness which it possesses. 
We must always face the possibility of 
losing our dominion over the earth and 
having our place taken by other evolu- 
tionary forms developing into beings of 
higher survival value. We have not al- 
ways been the dominant creatures of this 
earth. Several different masters ruled 
before we appeared on the scene. Will 
others rule after we have become ex- 
tinct? No one can say. I believe that 
we are in no imminent danger of imme- 
diate destruction. But it does begin to 
appear that we need a newer and finer 
spirit of kindliness than we have yet 
developed if we are to secure the contin- 
uance of the present dominant civiliza- 
tion. 

Science has not done the work of de- 
veloping a spirit of kindliness to the 


requisite degree. Neither have our 
divines nor our ethical philosophers 
made sufficient progress in this direction. 
Neither has the life and work of man as 
a whole. In his '' Icarus Russell draws 
a terrible picture of our progress to- 
wards stability and a living condition. 
Without more kindliness a trend in the 
direction of rivalry and suppression, as 
indicated by him, seems likely if not in- 
evitable. We are headed in that direc- 
tion now, probably on account of the 
philosophy of life that we hold; and the 
philosophy which this generation holds 
is that which science has taught it. 

Now science appears to have been one- 
sided in its development. The fact has 
been pointed out before, but apparently 
the warning involved in it has not been 
sufficiently heeded. I want to reiterate 
that warning with the hope of turning 
more attention to it. To develop the 
neglected side of truth holds out a hope 
to us, especially as it is the side of truth 
which pertains to character and human 
aspirations. I can not present the warn- 
ing to better advantage than to quote the 
utterance of the great James Clerk Max- 
well.^ Maxwell says: 

In all such cases [as those which he had just 
described] there is one common circumitance — 
the system has a quantity of potential energy, 
which is capable of being transformed into 
motion, but which con not begin to be so 
transformed till the system has reached a cer- 
tain configuration, to attain which requires an 
expenditure of work, which in certain cases 
may be infinitesimally small, and in general 
bears no definite proportion to the energy 
developed in consequence thereof. For ex- 
ample, the rock loosed by frost and balanced 
on a singular point of the mountain side, the 
little spark which kindles the great forest, the 
little word which sets the world a fighting, the 
little scruple which prevents a man from doing 
his will, the little spore which blights all the 
potatoes, the little tr^mmule which makes us 
philosophers or idiots. Every existence above 

2 See the discussion of determinism and free 
will in ‘‘The Life of James Clerk Maxwell,” 
by Campbell and Garnett, pp. 434-444, quoted 
in Ilenderson^s ‘‘Order of Nature,” pp. 213- 
228. 
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a certain rank has its singular points: the 
higher the rank, the more of them. At these 
points, influences whose physical magnitude is 
too small to be taken account of by a finite 
being, may produce results of the greatest im- 
portance. . . . 

It appears then that in our own nature there 
are more singular points — where prediction, ex- 
cept from absolutely perfect data, and guided 
by the omniscience of contingency, becomes im- 
possible — than there are in any lower organiza- 
tion. But singular points are by their very 
nature isolated, and form no appreciable frac- 
tion of the continuous course of our existence. 
Hence predictions of human conduct may be 
made in many cases. First, with respect to 
those who have no character at all, especially 
when considered in crowds, after the statistical 
method. Second, with respect to individuals 
of confirmed character, with respect to actions 
of the kind for which their character is con- 
firmed. 

If, therefore, those cultivators of physical 
science from whom the intelligent public de- 
duce their conception of the physicist, and 
whose style is recognized as marldng with a 
scientific stamp the doctrines they promulgate, 
are led in pursuit of the arcana of science to 
the study of the singularities and instabilities, 
rather than the continuities and stabilities of 
things, the promotion of natural knowledge 
may tend to romovo that prejudice in favour of 
determinism which seems to arise from assum- 
ing that the physical science of the future is a 
mere magnified image of that of the past. 

Though much could be said in favor 
of the thesis implicit in this statement 
by Maxwell we shall pass over it rap- 
idly. It can not be doubted that science 
has left out of account nearly all that 
pertains to one side of the human pic- 
ture. As Maxwell says, it has given it- 
self almost entirely to the continuities 
and stabilities of things and has neg- 
lected the singularities and instabilities. 
It may be that the latter are not subject 
to its method: it is certain that they 
have not been adequately treated. 
There seems little doubt that it is just 
this defect in science which has made it 
so impotent in the matter of human 
character: it can contribute but little 
directly to the establishment of the pro- 
founder virtues. It has great power and 
control with regard to material things, 
but it is still essentially without direct 


force in enhancing moral standards and 
enlarging moral values. 

This generation must live now princi- 
pally with the heritage which science 
and human experience have already 
brought to it. With no apparent pur- 
pose of science to turn in the direction 
of investigating the discontinuities and 
instabilities of things, we must get along 
without the assistance which such study 
might render — help in the direction of 
developing desirable traits of character. 
The material means now in the control 
of science offer little hope of being of 
direct use in developing character. The 
stimulation of hormone production, or 
even the transference of hormones, is 
wholly inadequate to the task. There 
are no means at present under the con- 
trol of science by which the needful 
spirit of kindliness may be engendered 
or increased. 

In the face of this fact one may be 
inclined to pessimism and conclude that 
there is nothing that we can do to change 
the trend of evolutionary progress. If 
we are tending now to follow the experi- 
ence of the Lost Race of Mars there is 
nothing which science can do to develop 
new traits of character to keep us from 
the inevitable end. 

Though we admit the inherent danger 
in our present situation and realize 
keenly the need of a greater spirit of 
kindliness, we do not believe that this 
pessimistic conclusion is yet inevitable. 
We should still maintain this position 
even though we should be convinced 
both that science has no present means 
of acting directly for building human 
character and that there is no prospect 
that science shall find such means. We 
believe that there arc pathways to real- 
ity which science not only has not trod- 
den but can not even find — at least, that 
there are avenues to truth which can not 
be approached by the methods to which 
science has attained. If new methods 
are found and they are incorporated in- 
to science, then of course the renewed 
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science may achieve such conquests as 
are now impossible to it. But we believe 
that there are pathways to reality which 
science can not now follow. 

It is along some of these lines that we 
must expect our present salvation. No 
amount of psychobiology or of bio- 
chemistry — good as tliese are as aids — 
can carry us to the goal. I shall be so 
radical as to insist that we are in need 
of the uld-fashioncd practice of medi- 
tating upon the nature of human charac- 
ter and of considering what sort of indi- 
viduals we must be if life is to be worth 
living. We must understand life by liv- 
ing it and by meditating upon its prob- 
lems. There is no doubt that our rea- 
soned interpretations of experience and 
our reasoned analysis of needs are in 
advance of our primitive inclinations. 
Is it demanding too much of what ap- 
pears to be a rational creature to ask 
him to meditate upon his reasoned con- 
clusions so fully and so deeply that he 
will be able to give them a place in con- 
duct in preference to the primitive in- 
clinations which he has inherited from 
his savage or even from his prehuman 
ancestors? 

In our dispositions these primitive ele- 
ments still hold great sway, and they 
will certainly rule unless they are con- 
trolled by something more powerful. 
The urge to competition and rivalry is 
deep-seated in our nature. But if we see 
clearly, on reasoned analysis, that this is 
taking us towards the destruction of 
what we hold dear, then we should be 
able to create in ourselves a power suf- 
ficient to overcome this urge to rivalry. 
And this we can probably do by much 
meditation on our reasoned conclusions 
and on the values which make life worth 


while. I^et us develop a will to kindli- 
ness. Is it too much to hope that such 
a thing is possible? 

There is no reason to think that all 
men, or even the majority of men, will 
realize the need of kindliness so fully as 
to turn to its cultivation. Many will 
think it impossible. Can the leopard 
change his spots? Can one by taking 
thought add to his stature? Can one 
seize on the unstable moments of life and 
turn the scale of character by taking 
thought? A mechanistic or determinis- 
tic science has thundered, No; and No 
has resounded over the earth. Perhaps 
man is pitiable and helpless and des- 
tined to destruction by the powerful 
tools of science which he has created and 
loosed upon himself. A significant part 
of the present generation has already 
gone in that way. Another prolonged 
world war w'ould carry off a much larger 
portion of the whole population without 
discrimination of age or sex or condition. 
The only salvation from it is the culti- 
vation of a widespread spirit of kindli- 
ness and cooperation. And neither 
science nor ethics has found a way to 
foster it. Are we destined to perish 
like the Lost Race of Martians in the 
dream and leave the heritage of the 
earth to another race more kindly or less 
powerful than ourselves? Or, perhaps 
sadder yet, shall we allow our present 
civilization to perish and leave the earth 
to a degenerate race of men still without 
kindliness but also without the ability 
to produce the destructive tools of sci- 
ence? Unless the will to kindliness 
springs up among us in new power, we 
are in danger of one of these alterna- 
tives. 



RACE AND PSYCHOLOGY 


By Professor THOMAS R. GARTH 

UNIVERSITY OP DENVER 


You say of this man that he is as 
witty as an Irishman, of another you 
murmur that he is as canny as a Scotch- 
man, while a third one is as stoical as 
any Indian. And if still another cer- 
tainly knows the retrieving possibilities 
of the American dollar lie will be, in 
nine eases out of ton, say, a Hebrew. 
He might be a Hebrew of the Hebrews. 
Now again keep in mind the ‘^fine Italian 
hand,’’ while I call attention to the fact 
that a sixth is as easy-going and com- 
municative as a real Negro unless, of 
course, he is as industrious and deeply 
silent as a Chink.” 

Just now there is a great deal of dis^ 
cussion of this kind of thing. The psy- 
chologists who are only partly in on the 
discussion arc accustomed to call it by 
the name of ” Racial differences in men- 
tal traits.” If one listens in on the de- 
bate one would surmise that there is 
much disagreement among the individ- 
uals engaged in the discussion. And so 
there is in fact. 

The debaters divide themselves into 
two camps, as a matter of course. The 
members of one of these proceed on the 
assumption that there are really such 
racial differences, while the others insist 
that this assumption is taken without 
due evidence on which to base the as- 
sumption. The first group may yet be 
divided into two other groups — one bas- 
ing its conclusions either on merely tra- 
ditional notions of race or on more or 
less superficial, concrete somatic, or 
bodily dissimilarities and cultural differ- 
ences that may be actually observed, and 
for that matter upon pure race preju- 
dice; while the other cither observes in 
a more or less careful way the facts of 
language, history, custom, racial accom- 


plishment according to some standard, 
or they may even make a scientific ex- 
amination of these. We note here the 
divisions of individuals as casual observ- 
ers and scientific students. These divi- 
sions of individuals are likewise found in 
the other or opposing camp composed of 
those refusing to accept the evidence so 
far obtained as conclusive. Many mem- 
bers of this latter group grant the possi- 
bility and even the probability of differ- 
ences and if convinced would certainly 
take a stand for the affirmative, being 
partially convinced by evidence not alto- 
gether convincing. 

In this day, when the scientific method 
is the accepted method of procedure in 
all lines of investigation, little need be 
said in favor of the standpoint of the 
above-mentioned scientific groups which 
look thus to ascertaining the facts about 
race and psychology. However, we 
ought to examine the approximations to 
a scientific standpoint before throwing 
them into the discard. All sciences of a 
social character, especially psychological 
science and that is our final standpoint 
here, must be ” cosmopolitan” toward 
the beliefs of men of the world. Psy- 
chology must be sympathetic at least to- 
ward all mental states, as it were tactful, 
because it is supposed to know and to 
understand just why men think as they 
do, for it deals with the very laws of 
mental life. An intolerant psychologist 
would be a misnomer. At any rate, it 
would be interesting to try to find out, if 
time only permitted, why race prejudice 
is the rule and not the exception among 
the general run of people, why it is the 
‘‘popular” state of mind, of course 
granting that popular opinion is the 
most unscientific way of looking at 
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things. To be brief, it is safe to say 
that race prejudice is the outcome, and 
a natural outcome, of the mind itself, if 
for no other reason than this — so many 
are afflicted with it. Moreover, there 
may just be some biological reason (psy- 
cho-biological) for the prejudice. At 
least it takes heroic resolution and will- 
power to overcome it, and it is grati- 
fying to think that in the face of such 
resolution it grows weaker. 

The foregoing remarks bring up for 
consideration, on the other hand, an un- 
popular attitude of mind not usually 
called scientific that holds the opposite 
view, decidedly, from that of race preju- 
dice. Curtis says that Iliamovi, chief 
among the Cheyenne and Dakota Indi- 
ans, has expressed this attitude of mind 
in these words : 

There are birds of many colors — rod, blue, 
green, yellow — yet all ono bird. There are 
horses of nwmy colors — brown, black, yellow, 
white — yet all one horse. So, cattle; so all 
living things — animals, flowers, trees. So men: 
in this land where once were only Indians are 
now men of every color — white, black, yellow, 
red — yet all cne people. 

Likewise we have: There is neither 
Greek nor Jew, Barbarian, Scythian, 
bond nor free,’^ with its religious con- 
notation. 

In justice to the immediately fore- 
going paragraphvS we may say that these 
attitudes of mind which wo have desig- 
nated as ‘^popular and unpopular^ ^ long 
ago had taken up the problem which sci- 
ence and near-science have undertaken 
to solve to-day. 

But in its last analysis the problem of 
racial differences in mental traits re- 
solves itself into the task of proving em- 
pirically differences in native traits, and 
we desire to place the emphasis here on 
the terms ‘‘empirically’’ and “native.” 
It must be remembered that until psy- 
chology became an experimental science 
it could not really claim any fellowship 
with the sciences, and so in the study 
of racial differences, unless wc are going 
to give over the ground already gained, 


the problem here in hand must be an em- 
pirical one. Again, racial mental differ- 
ences to be really racial must be differ- 
ences on account of innate tendencies 
laid down in different kinds of germ 
plasm. They can not be due to differ- 
ences in training and education. 

Many writers, in the absence of em- 
piric^il evidence, have indulged in theo- 
rizing. Still this theorizing has been 
helpful in the main, though it was theo- 
rizing and not experimentation, for it 
has somewhat made clear the problem 
and it has in fact enabled the experi- 
menter to approach it more intelligently. 

We shall present now some of the theo- 
retical conclusions based on observation 
not really empirical. We can not give 
many because of lack of space and for 
that reason have selected rather repre- 
sentative samples. The first is rather 
striking. 

“To speak of the stability or the psy- 
chological fatality of peoples,” says 
Jean Pinot, “is like one who would make 
believe that circles caused on the sur- 
face of the water by a falling stone re- 
tain their shape forever — the science of 
inequality is emphatically a science of 
white people. It is they who have in- 
vented it and set it going, who have 
maintained, cherished and propagated it, 
thanks to their observations and deduc- 
tions. Deeming themselves greater than 
men of other colors, they have elevated 
into superior qualities all the traits 
which are peculiar to themselves, com- 
mencing with whiteness of the skin and 
pliancy of the hair. But nothing proves 
these vaunted traits are traits of superi- 
ority — the history of civilization is only 
a come and go of people and races — all 
people evolve under the influence of ex- 
ternal factors; con«.< quently, there are 
none predestined beforehand to be the 
masters or slaves of others, as there are 
none who are predestined to an eternal 
immobility ! Virtue and vice in peoples 
are only the product of circumstances. 
Civilization, which intends to increase 
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and equalize the number of those which 
act in a uniform way towards all peoples, 
produces as direct results the increase of 
their similarities and the levelling of 
their differences.’^ In the course of his 
discussion, he speaks of the triumph of 
the milieu (environment) and the fail- 
ure of the psychology of peoples. 

Surely the reader will be aware of the 
immoderation of the writer; still to our 
way of thinking his point on the mo- 
bility of the races is a veiy important 
one if his language is ‘‘colorful.” 

As an advocate of differences in men- 
tal traits of people^s we quote from Gus- 
tave Le Bon in his book, “The Psychol- 
ogy of Peoples” : 

The point that has remained moat clearly 
fixed in my mind, after long journeys through 
the most varied countries, is that each people 
possesses a mental constitution which is the 
source of its sentiments, thoughts, institutions^ 
beliefs and arts .... Those are but the 
visible expressions of its invisible soul. The 
dream of equality would perhaps avail as much 
as tho old illusions which cradled us in the 
past, were it not that it is destined to be 
shattered at an early date on the immovable 
rock of inequalities. Each race possesses a 
mental constitution as unvarying as its anatom- 
ical constitution. There seems to be no doubt 
that the former corresponds to a certain special 
structure of the brain, but as science is not 
sufficiently advanced as yet to acquaint us with 
its structure, we can not have recourse to it as 
a basis of classification. 

The contentions of this writer may 
thus be summarized: Races have souls 
varying within certain limits; are ar- 
ranged in hierarchies — as primitive, in- 
ferior, average and superior; have men- 
tal attitudes which are responsible for 
their institutions ; experience such modi- 
fication as is responsible for the histori- 
cal evolution of the single race. 

If we take these two presentations of 
the opposite sides of the extremely theo- 
retical treatment of the situation with 
regard to racial mental differences, we 
find the essential points of disagreement 
to be just these: one believes that races 
are mobile (Pinot), and the other be- 
lieves that they are static (Le Bon). 


Both would seem to agree that differ- 
ences are to be found, but one, the 
former, holds that these are only tempo- 
rary, and the latter that they are perma- 
nent differences. 

This seems to the writer to be the 
greatest problem that we have in hand : 
if there are differences, are they transi- 
tory or permanent? But we mean to 
think only of innate differences which 
may be taking some liberties with the 
intentions of the above-mentioned writ- 
ers. We shall speak of this at length 
later. But we now cite the opinion of 
Sir Francis Gal ton, the pioneer in the 
study of racial differences who is cer- 
tainly to be regarded as scientific, though 
this expressed opinion must of necessity 
be speculative. It was Galton ’s very defi- 
nite conviction that there are differences 
to be found in the mentality of races of 
to-day. For instance, he thought that 
the Athenian Greeks were as far above 
the present-day PJuropeans as these are 
above Negroes. He accounts for the fall 
of the Greek intelligence on the scale to 
its lowest level to amalgamation with 
less intelligent peoples. The superior 
Athenian Greek is to be regarded as the 
result of inbreeding of superior indi- 
viduals from the Mediterranean coun- 
tries, Grecian as well as otherwise, re- 
gardless of race. The present Grecian 
product is to be looked upon as a result 
of outbreeding, in which all classes, 
whether low or high, intellectually, par- 
ticipated indiscriminately. Beyond a 
doubt this may be considered an argu- 
ment in favor of mobility of races as a 
concept of genetics. 

We would cite next a statement of 
Wilhelm Wundt, the father of experi- 
mental psychology, as found in his “Ele- 
ments of Folk Psychology,” which, while 
given with an experimentally scientific 
background, is of necessity theoretical. 
He says : 

The intelligence of primitive man is indeed 
restricted to a narrow sphere of activity. 
Within this sphere, however, his intelligence is 
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not noticeably inferior to that of civilized man. 
His morality is dependent upon tho environ- 
ment in which he lives. 

Here again we find ‘‘the triumph of 
the milieu*’ as indicated by Finot. Tho 
point is further emphasized by Wundt 
when he speaks of stages of development 
of the different races and in which he 
positively believes, but those as products 
of environment, especially the social 
media of language, customs and religion. 

In order to agree with Wundt we 
should have to accept the statement that 
primitive minds arc undeveloped minds 
only and that civilized minds are only 
nurtured minds, and that the “mind” 
or brain is a static thing at least within 
the limits of history. Its original nature 
is constant, but nurture has modified 
this original nature in the life of each 
single individual. Because of the pres- 
tige of this writer this may be tempting 
us away from the original problem to be 
considered, i,e., innate differences in 
mental traits. We do not believe that 
Wundt, if wo read closely his discourse, 
means at all to imply that brains might 
not be changed by inbreeding and out- 
breeding. 

One of our leading anthropologists. 
Professor Franz Boas, is often cited as 
favoring the last-mentioned view, that is, 
the “innate equality of races.” But ac- 
cording to Lowic, a more careful exami- 
nation of his standpoint shows that he 
believes in “plasticity within strict 
limits and claims that all the essential 
traits of man are due primarily to 
heredity. * * 

It is now in order to say that such 
prominent geneticists as are represented 
by Professor Conklin, of Princeton, 
would teach that races are not static as 
biological groups but change by inbreed- 
ing and outbreeding, which processes are 
induced by the presence or the absence 
of barriers geographical or otherwise. 

Our examination of the problem so far 
leads us to think of races as not neces- 
sarily static mentally, but of races as 
possibly mobile, some rising, some fall- 


ing, some trying to remain static but 
finding it difficult. To resort to Finot *8 
“colorful” language once more: races 
are like “circles caused on the surface 
of the water. The character of a people 
is thus only a becoming. The qualities 
of our soul and its aspiration are fleet- 
ing, like clouds driven by the winds.” 

This all sounds poetic, but we can not 
resist pointing to a scientific principle 
underlying the whole thing, to wit, the 
principles of genetics especially in the 
light of tho facts of inbreeding and out- 
breeding. And tlie pragmatic side of the 
problem is the improvement of what we 
have by tho means of eugenics through 
education. No intelligent member of any 
race should stand for race equilibrium, 
but for race progress. 

Racial psychology is sometimes called 
mental anthropology, and the anthropol- 
ogist has a rightful interest in the mat- 
ter, however scientific procedure, and 
that is what we now need to discuss, in 
this field of investigation, calls for the 
activity of tho experimental psycholo- 
gist who is continually measuring mental 
procei?sea in one way or another. Inter- 
est in the field of racial difference in 
mental traits, therefore, has induced the 
scientific psychologist to come out of his 
laboratory with his technique and mea- 
sure mental processes of various races. 
In order to feel that his work has been 
suflSciently far-reaching he must measure 
large numbers of a given race, and this 
need has given rise to the use of group 
mental tests in distinction from the slow 
individual tests fonnerly used. While 
there has been much discussion of the 
virtues of intelligence tests by laymen, 
educationalists and scientific psycholo- 
gists there can be no doubt in tho mind 
of the last mc ilnmcd that they have 
come to stay. To-day the question is not, 
shall they be discarded, but how to im- 
prove what we have. So with the group 
mental tests the psychologist is rather 
vigorously attacking the problem of 
racial difference in mentality. 
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It is interesting to note that in the last 
eight years peoples of all colors have 
been thus studied and the work is going 
on. Because of their easy access Negroes 
in America have been more studied than 
any other racial sub-group ; however, the 
black man in Africa has been studied as 
well. The American Indian has been 
willing to submit himself to mental mea- 
surement. Tests standardized in America 
have been translated into the language 
of Chinese and Japanese and given by 
psychologists of those races to many of 
their fellow-countrymen in their own 
country and these races have been* 
studied on American soil. At this mo- 
ment students of racial psychology may 
be found administering intelligence and 
psychological tests of various sorts in 
Hawaii, in Australia, in the Philippines 
and in India as well as in China and 
Japan. Immigrant and native born of 
immigrant parentage have been much 
studied in America. In the last eight 
years, 5,873 American Negroes, omitting 
those of the army draft tested with the 
Army Alpha, 2,032 American Indians, 
1,245 Chinese, 596 Japanese and 753 
Mexicans have been tested. 

As every one knows, the French psy- 
chologist, Alfred Binet, devised some 
time ago an individual intelligence test. 
This was followed by the group intelli- 
gence tests, particularly the army tests 
which test large groups at once. Since 
then moat of all tciiting as above indi- 
cated has been done in groups and for 
the purpose of testing intelligence. Those 
studying race psychology have followed 
this lead, and most of the studies in 
racial psychology, especially in the last 
decade, have been on groups with the 
end in view of finding differences in in- 
telligence. However, there arc other 
traits besides intelligence to be studied, 
such as racial temperament, musical ca- 
pacity, esthetics, memory process, fa- 
tiguability, ingenuity, and learning ; not 
but what some of these traits are be- 
lieved to enter into the general concept 


of intelligence. If we may call tests for 
these latter traits just ‘‘psychological 
tests’’ we can say that in the last eight 
years the ratio between activity in giv- 
ing the two sorts of tests, intelligence 
and psychological (meaning by the latter 
tests in esthetics, temperament, fatigue, 
etc.) is three to one in favor of the search 
for differences in intelligence. 

The last four years have marked the 
period of greatest activity known to race 
psychology. For instance, from 1917 to 
1920 inclusive fifteen studies of all sorts 
were made (on Negroes, in America and 
Africa, the American Indian, Chinese, 
Hindus) but from 1921 to 1924 inclu- 
sive sixty-one studies (on the above-men- 
tioned races and others besides) were 
made. 

Since the method used in making these 
studies is avowedly scientific the results 
must of necessity clear up a great deal 
that has been hazy with reference to 
ideas of racial differences in mental 
traits. True the measuring devices are 
not perfect ; still some valuable informa- 
tion is being gained. It would be inter- 
esting to note some of the findings so far 
obtained. In the studies of intelligence, 
then, if we take the average white man’s 
intelligent quotient (his I. Q.) as 100, 
these investigations show that the aver- 
age Chinese I. Q. so far found is around 
98 and 99. The Japanese arc about the 
same, 98. The American Negro’s I. Q. 
is about 75 ; that of the northern being 
much better than that of the southern 
Negro. The Mexican I. Q. seem to be 
around 89 (but the group tested was 
small). 

Because of language difficulty and dif- 
ference in social status from the whites 
the approximate I. Q. for the American 
Indian seems to be still in doubt, but the 
mixed blood Indian was found to be 
somewhat more intelligent than the aver- 
age Mexican or full blood Indian. 

So much for the racial differences in 
intelligence. The results can not be 
taken as final, but they are interesting. 
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The fact must not be overlooked that in 
each racial group mentioned there are 
some individuals with high I. Q/s, re- 
gardless of their race. For instance, it 
is interesting to note an occasional I. Q. 
of 135 among full blood Indians. 
Though the white race has many I. Q. ’s 
higher than those of most of the colored 
races, no race has lower I. Q. 's than it. 
They all grovel in the dust of idiocy at 
the lower end of the intelligence scale, 
white, black, red men or yellow. Feeble- 
mindedness is no respecter of races. 

As to the results of the psychological 
tests it may be said that these show, 
using white norms as bases of compari- 
son (though the returns are not very far- 
reaching because of the small groups 
studied) interesting comparisons: In 
esthetics Indians are found to prefer the 
color red to all other colors, while whites 
prefer blue above all colors. Education 
of the Indian induces him to place blue 
first in preference, though he still holds 
red in high esteem. Not so with the 
white, whose education induces him to 
despise red more and more as he be- 
comes educated; and not only is this 
true of his regard for that bright color, 
for he, in fact, in contrast with the 
Indian, suppresses all liking for colors 
with increase of education, with the ex- 
ception of blue, which maintains its high 
esteem always. In mental fatigue the 
Plains Indians arc able to hold out better 
than the whites or Negroes or even the 
Plateau Indian and the mixed blood 
Indian. The Negro is good in memory 
at first, but loses as he grows older. He 
learns less rapidly. His personality is 


not as strong as that of the white. The 
Chinaman in a morality test was found 
to be more honest than Anglo-Saxons or 
Japane-se taking the same test. 

It has been said that the white man’s* 
intelligence tests arc not fair to peoples 
speaking a foreign language and having 
different customs, unless exact equiva- 
lents can be foimd for them; and, what 
is more, some investigators claim that 
difference in social status of peoples in 
the same country, as in the case of Ne- 
groes or Indians or whites, may make a 
difference. For this reason, possibly the 
so-called psychological test is being used 
more than formerly, for here the afore- 
said differences in opportunity seem to 
operate less freely. 

However, regardless of what we have 
just said, it would appear that the re- 
sults obtained show tendencies that are 
significant and we have to conclude that 
these tend to be real diff'crencos, though 
they may be at present only roughly 
measured. 

Now the last point is this. If we be- 
lieve in the mobility of races at least in 
a direction from the lower end of the 
scale to the higher, from inferiority to 
superiority, in mental traits, it behooves 
any race to look to the eugenics of 
the situation. By outbreeding a race 
may scatter inferiority indiscriminately 
among its future members; by inbreed- 
ing and selection for propagation of 
those regarded as superior it can move 
ita average up toward relative superi- 
ority. This of course is made possible 
only if a race contains any superior 
members. 
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A SPECTRUM, in its broader sense, is to 
be considered as the analysis into its 
component frequencies of any sort of 
radiant energy, and in the scope of our 
modem knowledge it becomes a very in- 
clusive term. For the range of frequen- 
cies to be considered may begin with the 
gamma rays of radium, pass through 
X-rays, the ultra-violet, our visible light, 
heat rays beyond the red and the radia- 
tion of electric waves up to the radio 
waves several hundred meters long. A 
given source of radiation, however, usu- 
ally gives out frequencies extending over 
only a part of this possible range. Radio 
waves do not emit light or sensible heat. 
Bodies may be hot without giving out 
light. Our bright electric arcs are not 
efficient sources of X-rays. So I will 
limit my talk this evening to the range 
of our visible light, with short extensions 
into the ultra-violet and infra-red, and 
speak of a very few of the problems in 
this field. 

Karly studies of the spectrum were 
concerned chiefly with spectrum analy- 
sis, the identification of the chemical 
elements by means of their spectra. As 
this is the only means of finding out the 
composition of the sun and stars, the re- 
quirements of astronomy have played a 
large part in developing apparatus and 
methods of studying the spectrum. On 
the astronomical side, the elements com- 
posing the celestial bodies are now for 
the most part well determined, and com- 

1 Address delivered December 8, 1925, at the 
Carnegie Institution of Washington, Washing- 
ton, D. 0. 


parativcly little in spectrum analysis, 
strictly speaking, remains to be dona A 
few lines in solar and stellar spectra 
have not yet been assigned to known ele- 
ments, but they are probably in most 
cases due to compounds or to radiating 
conditions which we have not yet imi- 
tated in the laboratory. On the labora- 
tory side, very extensive tables of wave- 
lengths are available for the spectra of 
known elements. Identification of the 
elements by this means is a simple mat- 
ter, and spectrum analysis may be made 
quantitative to a certain degree and used 
as a means of determining the amount of 
a given substance when mixed with 
othei’s. This application may be of 
much value in industry. 

However, while the spectrum was 
being used to identify chemical elements, 
some features became evident which 
form the basis of the later science of 
spectroscopy. It was notc<i that the spec- 
trum of a given element, say calcium, 
altered its appearance when excited in 
different ways. Certain lines were ob- 
served to be strong in one source, while 
in a second source another set was 
stronger, and much interest was given to 
this phenomenon by the fact that astron- 
omers noted similar differences in celes- 
tial spectra. In one type of star certain 
lines of an element were strong, in an- 
other they were weak or absent. It was 
realized that when the cause of these dif- 
ferences was understood, the physical 
state of a star could be judged by its 
spectrum, when otherwise we knew noth- 
ing beyond its relative brightness and 
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general color. To know what these dif- 
ferences might mean, we must find out 
how to produce in the laboratory the 
same sort of changes, and by controlling 
the conditions, discover the causes of the 
differences. And so a new department 
of spectroscopy developed, in which we 
took the known lines of an element and 
used them to indicate the state of the 
luminous vapor producing them. 

That we may understand our methods 
better, I will mention several of our 
standard sources of light for spectrum 
study. Each of them has been used in a 
great variety of forms by different inves- 
tigators. The first is an ordinaiy Bun- 
sen flame which may be colored by vari- 
ous substances. We have the well- 
known yellow flame of sodium, the re<l of 
lithium, the green of copper, each of 
these colors being caused by certain 
strong lines in these regions of the spec- 
trum. If a substance is vaporized in the 
electric arc, many more lines appear. 
Wlicn titanium is thus vaporized, the 
brilliancy of the arc and lack of any 
decided color are due to the fa(!t that a 
large number of lines of different wave- 
lengths from the red to the violet are 
being emitted. Now it was early ob- 
served that the lines strong in the flame 
are often not the most prominent lines 
in the arc. The arc shows many addi- 
tional lines and for some elements the 
lines given by the flame are relatively 
weak in the arc. These flame lines are of 
much astrophysical interest. Some stai*s 
show only lines of this type, and in the 
early work at Mount Wilson it was 
shown that these lines are much strength- 
ened in sunspots. The flame is of lower 
temperature than the arc, and if one ex- 
amines the outer, cooler vapors of the 
arc it is found that these flame lines are 
given there. Can they be used as an in- 
dication of low tem])erature? Chemical 
processes are taking place at a lively 
rate both in the flame and in the outer 
vapors of the arc. Tf the flame lines are 
due to chemical action, they will not help 


us in interpreting the stellar conditions, 
where almost any chemical reactions may 
be Taking place. Again, if the arc is 
modified in various ways, it is found that 
some groups of lines ai*c brought out by 
certain conditions and other lines remain 
unaffected. Is it a higher temperature 
or some obscure feature of the electric 
discharge which might not be duplicated 
in another light source such as a star? 
If we pass to the electric spark there is 
still more difficulty in assigning the ef- 
fects to temperature differences. For 
most elements, the spark gives a set of 
lines which the flame does not give at all 
and which are faint or absent in the arc. 
These ai*c called ‘^enhanced lines.” 
While the spark does not heat its ter- 
minals as an are does, the extremely con- 
centrated, high-voltage discharge indi- 
cates a disturbance, which, if not tem- 
perature in the ordinary sense, would 
take a very high temperature to dupli- 
cate its action. Some types of stars 
which on other grounds are considered 
to have very high temperatures show 
spectra consisting almost entirely of 
these enlianeed lines. But astronomy of- 
fered some evidence which seemed con- 
tradictory. Observations during eclipses 
of the sun showed that the enhanced 
lines are emitted far out in sp«ace, in a 
relatively cool region of the sun^s at- 
mosphere. To explain this, Sir Norman 
Lockyer advanced the bold hypothesis 
tliat the enhanced lines are due to a 
modified form of our chemical elements 
which ho called proto-iron, proto-cal- 
cium, etc. I will touch later on the re- 
cent explanation which to a considerable 
degree reconciles the apparent contradic- 
tions. 

The flame, are and spark are used to 
vaporize substances which are in the 
solid or liquid state. Gases such as hy- 
drogen, oxygen, nitrogen, helium and 
the rare gases of the atmosphere are used 
at low pressure in glass or quartz tubes 
and excited by a spark discharge. The 
characteristic color results from the pre- 
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dominance of strong lines in a certain 
region of the spectrum, and this color 
may sometimes be altered by changing 
the character of the discharge. 

Prom what I have said, it will be 
clear that we needed to know what 
agency, if any, was the controlling cause 
of the observed changes in spectra, if we 
are to use these observations to judge of 
the physical state of the sun and stars. 
Wc needed a source of light capable of 
temperature variation over a wide range, 
whicli would be as free as possible from 
chemical action such as occurs in flames 
and from the electric conditions of the 
arc and spark, whose connection with 
temperature was not clear. 

An electric furnace was devised to 
fill this requirement. The method was 
to vaporize substances in a carbon tube, 
beginning with a temperature just suffi- 
cient to show a few lines, such as appear 
in a low temperature flame, and pro- 
ceeding by gradual steps as nearly as 
possible to the temperature of the electric 
arc. Experiments of this sort have been 
carried on in the Pasadena laboratory 
of the Mount Wilson Observatory for a 
number of years. We have here a rep- 
lica, reduced in size but quite effective 
in operation, of the latest type of tube 
furnace in use in Pasadena. The sul>- 
stance whose spectrum we wish to study 
is placed in a tube of Acheson graphite, 
a very pure carbon. The tube is held in 
water-cooled clamps, and a heavy cur- 
rent heats it to any desired temperature 
up to about 3,000° C. A water-jacket, 
surrounding the tube a little distance 
from it, carries away the surplus heat. 
The whole is enclosed by a hood, and 
when this is clamped on, the apparatus 
is pumped out and operated in vacuum. 
The light passes to the spectroscope 
through one of the windows in the hood, 
while through the other window the 
temperature of the tube may be closely 
me^isurod by an optical pyrometer. 

Before discussing the work in which 


the larger furnace of this type has been 
most used, I will speak of a few of its 
special uses. While the spectra usually 
consist of bright lines, dark absorption 
lines may be obtained similar to the 
Fraunhofer lines of the solar spectrum, 
by passing a beam of white light, per- 
haps from a brilliant tungsten lamp, 
through the tube when the furnace is 
heated to a known temperature. If we 
wish to study the spectra of compounds, 
which occur in the cooler stars, a gas 
such as oxygen, hydrogen or nitrogen 
may be passed through the tube in 
which a metal is being vaporized, and 
the spectrum of the oxide, hydride or 
nitride observed. The change from the 
line spectrum of the metallic atom to 
the band spectrum of the compound 
molecule is then seen. High pressure of 
the gas inside the chamber results in a 
change of wave-length of the spectrum 
lines. This has been studied with a 
thick-walled furnace and the lines are 
displaced from their regular positions. 
The refraction of hot vapors, which has 
been advanced as the cause of some solar 
phenomena, is another field in which the 
furnace has been useful. These anoma- 
lous dispersion effects have been ob- 
served for a variety of elements. 

We will now turn to the chief use of 
the furnace, the study of metallic spectra 
at known temperatures. The tube being 
charged with the metal or salt to be 
studied, a temperature is first used just 
high enough to vaporize the substance 
and produce a small number of lines. 
These low-temperature lines are of spe- 
cial interest as criteria of reduced tem- 
perature in celestial spectra and are 
fundamental in studies of atomic rela- 
tions based on the spectral characteris- 
tics. Higher temperatures of the fur- 
nace bring out other groups of lines^ 
until at the highest temperatures regu- 
larly used, from 2,500° to 3,000° C., 
nearly all lines appear which are present 
in the arc spectrum, but the relative in- 
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tensities are quite different. Some of 
the low-temperature lines undergo little 
change at higher temperatures and in 
the arc, indicating that the proportion 
of atoms which can emit these lines is 
not materially increased at higher tem- 
peratures. Other lines gain in intensity 
at higher temperatures and are very 
much strengthened in the arc. Still 
others appear first at medium tempera- 
ture and strengthen rapidly, and others 
require the highest temperature. Some 
strong furnace lines are distinctly weak- 
ened in the arc. This is an interesting 
type of which a few lines appear in most 
spectra, and it is found in general that 
a certain range of excitation is most 
favorable for the production of lines of 
a given type. The range of tempera- 
ture available with the furnace is such 
that the most favorable excitation for a 
given set of lines may be found. This 
is true even for metals of high melting 
points, such as titanium and vanadium. 
These elements, prominent in solar and 
stellar spectra, give no lines below 
1,900® C., but with the range of tem- 
perature available in the furnace, the 
full variation of lines up to the arc can 
be brought out. 

We are dealing chiefly, in these fur- 
nace and arc spectra, with the radiation 
of the neutral atom, that is, with an 
atom which has a central positive charge 
of a certain value, and around this posi- 
tive nucleus a number of electrons whose 
total negative charges are equal to the 
positive charge of the nucleus. It is 
possible, however, under conditions of 
high excitation, both in our laboratory 
sources and in the stars, to displace one 
of these electrons beyond the attractive 
force of the positive nucleus, and we 
have what is called an ionized atom. 
Our atom is no longer in electrical equi- 
librium, and it gives out an entirely dif- 
ferent spectrum consisting of the en- 
hanced or spark lines which I have 
mentioned. Judged by its radiation, 
this ionized atom is a different element 


from that which we have before the 
electron was knocked off. Sir Norman 
Lockyer was right when he spoke of 
proto-elements’^ as giving these en- 
hanced lines in very hot stars and in the 
solar chromosphere, though it was only 
after his death that the manner of pro- 
duction of these lines became fairly 
clear. For a large number of our chem- 
ical elements we know the ionization 
potential,” the number of volts which 
gives energy enough to separate an 
electron from the atom which has bound 
it. There are large differences, ranging 
from 3.88 volts for caesium to 24.4 volts 
for helium. This energy is analogous to 
heat of vaporization, the energy which 
must be applied to a liquid to change it 
to a gas, and after supplying this atomic 
heat of vaporization w’e get an electron 
gas, a perfect gas, to which the laws of 
thermodynamics may be applied. Saha 
has shown that in the production of this 
electron gas reduced pressure plays a 
large part, as well as high temperature, 
which is the key to the fact that in the 
outer vapors of the sun as they extend 
into space the lines of the ionized atom 
are relatively strong. In the laboratory, 
a source under reduced pressure, such as 
an arc in a vacuum chamber, gives also 
the ionized spectrum. 

Ionization need not end with sepa- 
rating one electron. A second, third 
and for chlorine up to the sixth may 
be knocked off, and we get in each case 
wdiat is essentially a different element, 
emitting a new spectrum. Since the 
atomic number of an element indicates 
the number of electrons distributed 
about the nucleus, it follows that Na 
(11) should have the same number of 
electrons as singly ionized Mg (12), 
doubly ionized A1 (13), and trebly ion- 
ized Si (14). This need not mean that 
they are the same elements, since the 
nucleus may be different, as well as the 
arrangement of the remaining electrons, 
but the arrangement of the spectrum 
lines has been found to be very similar 
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for the elements in these states, and the 
resemblance has been followed by means 
of this ‘‘displacement law*’ as far as Cl 
(17) which when it has lost six electrons 
has a spectrum resembling neutral Na 
(11). It follows from this that the loss 
of one electron in a spark discharge gives 
in general a spectrum resembling the arc 
spectrum of the clement of one less 
atomic number. This relation has been 
verified for many elements. 

Let us now consider what happens 
when spectral lines are emitted by a hot 
vapor, and what these lines tell us about 
the atoms of that vapor. Without 
taking up the very ingenious atomic 
models, which are necessarily hypothet- 
ical, we can base what is necessary for 
our present purpose on a few quite self- 
evident facts. A vapor is rendered 
luminous as a result of receiving energy 
from its surroundings, as when it is 
heated in the furnace tube or in the 
electric arc. The energy which it re- 
ceives is given out as radiation of a 
certain wave-length. The atom has 
taken up energy and then given it out, 
and we speak of it as having passed from 
one stationary state to another, and 
since the atom has different amounts of 
energy in the two conditions, we speak 
of these states as energy levels. 

From the first it has been quite evi- 
dent that some lines require much less 
energy to excite them than others. 
These are the low temperature lines, 
and in connection with recent atomic 
theory, we designate them as of low 
energy level. Lines requiring higher 
temperature belong to higher energy 
levels. It is thus evident that the dis- 
tinct grouping given by successive tem- 
peratures of the furnace indicates the 
relative energy levels to which these 
lines belong. 

During the past few years, great ad- 
vances have been made in the study of 
regularities in spectra. Lines in the 
same region of the spectrum and groups 
of similar type in different regions are 


found to be connected by very definite 
numerical relations and form what is 
known as spectral series. These arrange- 
ments of lines are connected with the 
properties of the elements in a way as 
yet imperfectly understood. For a 
number of years the classification of 
lines by means of the furnace has been 
of much assistance in sorting out groups 
of similar type for arrangement in series. 
Up to a very few years ago, spectra such 
as iron, chromium or titanium gave the 
troubles of an embarrassment of riches ; 
but groups were found, having some- 
times up to fifteen lines, which appeared 
at a certain temperature of the fumaco 
and were exactly similar, in arrange- 
ment of their lines, to other groups ap- 
pearing at the same temperature in other 
parts of the spectrum. The multitude 
of lines appearing in the arc were thus 
divided into small groups which ob- 
viously arose from the same conditions 
of the atom, furnishing an additional 
method very useful in making the spec- 
trum indicate atomic states. 

If we compare the arc and spark spec- 
tra of iron, we find that the spark 
consists largely of the lines of the ionized 
atom, as in the spectra of the hotter 
stare, while the arc lines ot the neutral 
atom have for the most part disappeared. 
However, enough ionization exists in the 
arc to emit the stronger enhanced lines; 
also some neutral atonts persist in the 
spark and show the stronger arc lines. 
By varying the spark conditions, the en- 
hanced lines can bo weakened and the 
spectrum gradually changed into that of 
the arc. Elements differ greatly in the 
energy required to ionize their atoms, 
and some, such as calcium, strontium 
and barium, show the spectrum of the 
ionized atom at very moderate tempera- 
ture of the furnace. The spectrum of 
vanadium for three temperatures of the 
furnace, also of the arc and the spark, 
may be used to illustrate the changes 
with increasing excitation. A great num- 
ber of lines are given in the spectrum of 
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the arc. It was regarded as hopeless to 
soil this mass of lines into groups aris- 
ing from different states of the atom, 
but the furnace docs tlxis quite effec- 
tively. At 2,000° we have several of the 
multiplct groups whoso lines are con- 
nected by definite numerical relations. 
At 2,300° and 2,600° the spectrum be- 
comes steadily richer by the addition of 
groups of lines from other atomic condi- 
tions whicli Inquire more energy to give 
radiation. In the spectrum of the spark, 
the principal furnace lines have largely 
disapi)eared. The stronger lines arc 
those of the ionized atom, but some of 
these are present also in the furnace as 
low as 2,300°, increasing rapidly in 
strength through the arc into the spark. 
We thus see that the change is a continu- 
ous one, as the excitation increases, from 
the low-temperature fumaetc correspond- 
ing to the flame spectrum, up to the 
spark, corresponding to the spectra of 
the hotter stars, where the temperature 
is so high that the atoms arc largely ion- 
ized. The various ty])cs of stellar spec- 
tra illustrate this gradation. The hotter 
Stax'S show the lines of hydrogen and the 
spark lines of the metals, those of type 
similar to the sun sliow the arc and high- 
1(miperaturc furnace lines, the predomi- 
nance of low-temperature lines and the 
band spectra of compounds distinguish 
the cooler stars. If we compare the spec- 
trum of a sunspot with that of the solar 
disk, we find that the lines strengthened 
in the spot are invariably those given at 
low temperature in the furnace. Those 
weakened are usually those of the ion- 
ized atom. These phenomena, together 
with the presence of bands due to mole- 
cules, have established the low tempera- 
ture of sunspots. 

ITiere are many high-temperature 
lines, given rather faintly by the arc and 
by the high-temperature furnace, which 
belong to the neutral atom and for which 
we need a greater concentration of elec- 
tric energy to show their variations and 
group them as we have the other lines. 


This may be obtained by arcs using very 
powerful currents, in which I have re- 
cently examined the spectra of a number 
of elements. A current of 1,000 amperes 
or more is used in an arc between small 
rods of the metal. The arc is a blinding 
flash, lasting a fraction of a second be- 
fore the terminals bum so far apart that 
the arc breaks. Pictures made with a 
rotating mirror camera show the arc to 
be a thin spiral between the terminals. 
The high concentration of energy when 
this constricted spiral of iron vapor car- 
ries 1,000 amperes indicates a great dif- 
ference from the quietly burning arc, 
carrying some 5 amperes. The spectrum 
shows the results of this concentrated 
energy. The lines strengtliencd in the 
high-current arc are high-temperature 
lines which neither the furnace nor the 
ordinary arc gives strongly enough to 
show their characteristics. In the high- 
current arc they strengthen to different 
degrees, widen some toward the violet, 
others ^to the red, so that it is possible to 
group these difficult lines according to 
their structure and degree of strengthen- 
ing. Low-temperature lines are not 
strong in this arc. The lines greatly 
strengthened are faint and difficult in 
our ordinary sources. A very interesting 
feature is that lines are often shifted in 
position, their wave-length being changed 
from that of the ordinary arc. Further 
investigation will probably show this is 
due to the electric forces of neighboring 
atoms, closely packed ami under high ex- 
citation. Another source of great elec- 
trical energy, in which currents in the 
thousands of amperes act for a few mil- 
lionths of a second, are the wire explo- 
sions, which have been studied by Dr. 
Anderson. In these experiments a large 
condenser, of about 10 microfarads, dis- 
charges through a thin metal wire. The 
temperature of the vapor in these ex- 
plosions, estimated by two or three dif- 
ferent methods, is of the order of 20,000° 
C., not so high as probably exists in very 
powerful spark discharges, but having 
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tlic advantage that a temperature in this 
high range can be measured and the 
corresponding spectrum obsei'ved. As 
related to other sources, the relative in- 
tensities of the spectrum lines are simi- 
lar to those of the high-current arc, as 
would be expected from the great con- 
centration of energy, but the extension 
into the ultra-violet and the stronger ion- 
ization indicates a closer approach to the 
conditions of the condensed spark. 

In the laboratory light souix*cs which 
I have described, the spectrum of the 
neutral atom may be studied through in- 
creasing furnace temperature's and 
reaches its full d(welopmcnt in the high- 
current arc and exploded wires. That of 
the ionized atom usually appears to some 
extent in the funiacc, develops along 
with the neutral atom radiation in fur- 
nace and arc until in the condensed 
spark the ionized atom gives practically 
the whole spectrum. A still higher stage 
appears when a spark is made to pass in 
a very high vacuum. Other electrons 
may then be torn off, and multiple 
ionization takes place. 

I will indicate, for the sources in 
which the neutral and singly ionize<l 
atoms are active, how we may arrive at 
approximate temperatures for each of 


these stages. The temperatures of the 
furnace, up to about 3,000*" C., may be 
closely measured with a pyrometer. Ex- 
trapolation is now needed for the tem- 
perature of the ordinary arc, and the 
other sources are a long step beyond. 
However, we have seen that the temper- 
ature of the wire explosions is approxi- 
mately known. These explosions may be 
modified, by adjustment of circuit condi- 
tions, to approach more closely the spec- 
trum of the arc on the one side and the 
spark on the other and the correspond- 
ing temperatures may be measured. We 
shall then know to a fair approximation 
the temperature indicated by a given 
type of spectrum, and the type of stellar 
spectrum will then tell more closely than 
at present the temperature of a star. 

I have tried to give some of the prob- 
lems and show some of the progress by 
the use of high temperatures in making 
the spectrum more fully an indicator of 
atomic conditions. While the work is 
only fairly started, it is a gratification to 
note that when physicists or astronomers 
come together there are many points 
which a few ye^rs ago invariably pro- 
voked an argument that are now consid- 
ered as settled and accepted as a matter 
of course. 
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The astronomer is often asked what 
4evidence there is of dark stars or plan- 
-ets revolving about the bright stars that 
we see in the sky. Perliaps the best 
proof of the existence of such attendant 
bodies is given by tlic s})Cctroscope in the 
application of the so-called Doppler 
principle. Any one who has sat in a 
stationary train while locomotives were 
switching to and fro in the neighborhood 
will perhaps remember the sudden 
change in the pitch of an engine bell as 
it passes by on an adjoining tra(h. 
While approaching, the bell has a cer- 
tain pitch, but after passing the observer 
the bell suffers a distinct lowering of 
pitch as it recedes. This phenomenon is 
readily explained by taking into account 
the velocity of sound. With an ap- 
proaching locomotive the observer gets 
more vibrations per swumd due to the 
velocity of the engine being added to 
that of the sound, while when the engine 
is receding fewer vibrations arc received 
and the pitch is lowered. This same 
principle applied to light vibrations gives 
the possibility of determining the s{)eed 
of the stars to or from the earth by 
measuring the exact color or wave- 
length, as it is called, of the lines in the 
spectrum of the star. Violet light cor- 
responds to high pitch, red light to low 
pitch. It is thus figuratively true that 
each star has a pitch indicator which 
when compared with a standard light in 
the observatory will give at once the 
speed of the celestial object to or from 
us in miles per second. 

1 Broadcast from Station WCAP, Washing- 
ton, D. C., under the auspices of the National 
Research Council and Science Service and the 
■<liroction of W. E. Tisdale. 


Many of the large telescopes of the 
world are used in the application of the 
Doppler principle to the measurement of 
the speed of stars, and one of the out- 
comes of this w^ork has been the discovery 
of so-called spectroscopic binary stars. 
It is found that a large proportion, as 
many as one fourth or one third of cer- 
tain classes of stars, undergo periodic 
changes in velocity in the course of only 
a few days. At one time a star may be 
leaving us at fifty or even one hundred 
miles a second, while within tw'O or three 
days the same object is found to be ap- 
proaching at a similar rate, the simple 
explanation being that the star is in 
motion about the center of gravity of it- 
self and some large companion. Also 
there have been found objects in the sky 
where at times the lines of the spectrum 
arc doubled, showing that the star is at 
the same time both receding from us and 
approaching toward us, a phenomenon 
which can be due only to the motion of 
two separate bodies about the common 
center of mass. The first discovered 
twin object of this character was the 
bright wstar Mizar in the middle of the 
handle of the Big Dipper, whose duplic- 
ity, with a period of twenty days, was 
detected at the Harvard Observatory 
over thirty years ago. Of well-known 
bright stars, Capella in the northern sky 
is composed of two slightly unequal 
components with a period of revolution 
of about one hundred days. There are 
many other stars visible to the naked eye 
which have large companions with short 
periods. 

In general it has been found that 
white stars arc likely to have short peri- 
ods, even as sliort as about one day; 
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yellow starg have periods not quite so 
short, perhaps down to ten days, while 
the red stars as a class are generally 
single bodies. The components of these 
short-period systems are far too close 
together to be detected by direct vision 
through the telescope, and it is only 
when the period is as long as several 
years and the system is relatively near 
to us that the companion body may be 
seen. It is the advantage of the spectro- 
scopic method that the closer two stars 
are together the more rapidly do they 
move, and hence the more readily are 
they detected. 

With many double stars of this sort 
in the sky, we should expect a certain 
number to have orbits at just the angles 
required for one body to pass in front 
of the other and cause an eclipse similar 
to that of the sun by the moon. Obser- 
vation shows that there are many such 
eclipsing systems. The best example is 
the well-known star Algol, which nor- 
mally is about as bright as the Pole Star, 
but at intervals of sixty-nine hours — 
three hours less than three days — ^it loses 
about two thirds of its light during the 
course of five hours, and then in five 
hours more comes back to normal. This 
eclipse rei)eats itself regularly, and has 
been observed for over a century, so that 
we now know the period of revolution of 
the satellite to within perhaps a second 
of time. It may also be noted that when 
the fainter component goes behind the 
bright star there is a second eclipse 
amounting to about 6 per cent, of the 
total light, showing that the so-called 
companion is not dark but about one 
tenth as bright as the main star. 

Inasmuch as Mercury, the nearest 
planet to the sun, requires eighty-eight 
days for its revolution, it was a long 
time before astronomers could be con- 
vinced of a dark star large enough to 
cut off two thirds of the light of the pri- 
mary, and which would be so close as to 
revolve in three days. However, other 
shorter periods, even down to one day, 


have been found, and the spectroscopic 
determinations of the motions agree 
completely with the eclipse theory. 

One of the recent advances in stellar 
photometry has been the measurement of 
these small changes of light of eclipsing 
stars. As the eye is ordinarily insensi- 
tive to changes of say 5 or 10 per cent., 
some improvement upon visual observa- 
tion is necessary. This has been made 
possible by the photoelectric cell, which 
is a device for transforming light re- 
ceived into an electric current. Physi- 
cists have known for a long time that a 
fresh and clean metallic surface will 
liberate electrons under the influence of 
light, and the photoelectric cell is a 
means for intensifying this effect. An 
alkali metal, such as sodium or potas- 
sium, is deposited on one side of a glass 
bulb much like an ordinary incandescent 
lamp. This is filled with an inert gas 
such as helium or argon, and when con- 
nected in a proper electrical circuit a 
measurable current is produced by ex- 
posure of the cell to light. 

It is interesting to note how far pure 
science has been ahead of applied science 
when we consider that these photoelectric 
cells have been used for experiments in 
the physics laboratory for over thirty 
years and that for a dozen years they 
have been applied to measurements of 
the light of stars, but it is only within 
the last two or three years that they have 
been used in what might be called prac- 
tical applications, such as long distance 
transmission of photographs over wires 
or by radio. 

For measuring the light of stars, a 
photoelectric cell is placed in a box with 
a small diaphragm at the focus of a tele- 
scope so that the light from only one 
star at a time can affect the cell. The 
cell is connected with a delicate elec- 
trometer, and the observer, after having 
set the telescope on the proper star, ob- 
serves in a microscope the motion of a 
fine wire across the field of view. The 
brighter the star, the greater is the elec- 
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trical current, and hence the more rapid 
the motion of the wire of the electrom- 
eter. The observer notes by means of 
an ordinary stopwatch the time required 
for the wire to move between two divi- 
sions of a scale and thus measures the 
light of the stars in much the same way 
as he would record the start and finish 
of a foot race. 

Because of variations in the clearness 
of the earth ’s atmosphere, it is necessary 
to compare one star with one or more 
others close by in the sky. Sometimes it 
happens that the suspected variable star 
turns out to be constant in light while 
the standard star does the varying. Our 
sun itself is known to be an irregularly 
variable star, changing in the amount of 
light and heat sent to the earth by sev- 
eral per cent., sometimes as much as 5 
per cent, witliin a few days or a week, 
but on the whole most of the objects in 
the sky are found to be reasonably con- 
stant, that is, within 1 or 2 per cent, for 
long periods of time. 

In searching for eclipsing stars among 
the known spectroscopic doubles, it is 
found that eclipses to the amount of 50 
per cent, or more are unusual, but there 
are frequent partial eclipses of 10 per 
cent, or less. The whitest stars, the so- 
called helium or blue- white stars, like 
those in the constellation of Orion, are 
most likely to have large companions 
which will produce eclipses. In fact, if 
we take those which are known in ad- 
vance to be favorable in this class of 
stars, it is found that more than half 
actually do show eclipses. Of stars not 
quite so hot, those of the color of Sirius, 
about one third have shown eclipses. 
This means that in the second class the 
companion stars are relatively smaller 
and farther away from tlie primaries. 
Of the cooler yellow stars, like the sun 
and the red stars, very few indeed have 
periods as short as ten days or two weeks, 
and of these practically none have been 
found to show eclipses. The conclusion 
from this is that the components of white 


double stars are large as compared with 
the distance between them, sometimes the 
objects being almost in contact, whereas 
in the yellow and red stars the compan- 
ions are farther away, smaller and more 
condensed. 

Any one familiar with the appearance 
of the sky at all knows the seven stars 
of Ursa Major, or the Big Dipper, as it 
is called. It would seem a peculiar coin- 
cidence if as many stars as this of about 
the same brightness should happen to be 
in the same direction from us, and it 
turns out that five of the stars have mo- 
tions parallel with each other in space. 
The star in the bowl of the Dipper, near- 
est the pole, and the one in the end of 
the handle do not share in this motion, 
but the others are moving together in 
parallel lines, although the distance be- 
tween any two of them is as great as the 
distance l^tween the sun and some of our 
nearer neighbors. What is more striking 
about this Ursa Major group, however, 
is that distributed around the sky are 
some twenty other objects, all of which 
arc moving parallel to the bright stars 
in the Dipper. One of the members of 
this extended group is Sirius, the bright- 
est star in our sky. The ancients drew 
a large bear in the northern and a large 
dog in the southern sky. Now that 
Sirius belongs to the Bear we may say 
that the Great Dog has part of the 
Beards tail in his mouth. 

Two of the members of the Ursa Major 
group have been found to be eclipsing 
variable stars, and a detailed study of 
these gives us probably an indication of 
the characteristics of the other stars. 
The first one is Beta Aurigae, a second 
magnitude star near Capella. This is 
shown by the spectroscope to be a twin 
system with each component moving 
about one hundred miles per second 
around the center of mass in a period of 
four days. During six hours of the 
revolution, one body is in front of the 
other, producing an eclipse of some 7 
per cent. Since we know how fast the 
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stars are going, we have the distance one 
body must move to pass in front of the 
other component; thus the combination 
of the spectroscopic and photometric 
measures gives the diameter in miles of 
each star and their distance apart It is 
found that each component is two and 
one half times as heavy as the sun, and 
about two and one half times the diame- 
ter, giving a density of about one seventh 
on the solar standard. Prom the ap- 
parent brightness and measured distance 
of this system, we also have found that 
each component gives one hundred times 
as much light as the sun, or two hundred 
times for) both. Truly this is a giant 
system. 

The other eclipsing star. Alpha 
Coronae, the brightest star in the North- 
ern Crown, has a companion with a 
period of seventeen days, but the time of 
eclipse is only twelve hours. In the same 
manner as for Beta Aurigae, it is found 
that the main star has three times the 
mass and over twice the diameter of the 
sun. The companion, however, is prac- 
tically a dark body, somewhat smaller 
than the sun, and is found to be nearly 
four times as dense as the sun or about 
equal in density to the earth. Until re- 
cently this would have been called a very 
dense heavenly body, as when we stand 
on terra firma it turns out that we have 
chosen one of the heaviest bodies for its 
size known anywhere in the universe. 
However, recent developments have 
shown the existence of far heavier stars, 
which exist as attendant bodies, and one 
of these is the companion of Sirius. 

In a series of brilliant theoretical in- 
vestigations, the English astronomer 
Eddington has shown that the central 
regions of stars, whether they be ap- 
parently white and hot on the surface or 
red and relatively cool, are probably at 
a temperature in the interior well up into 
the millions of degrees. He has also 
shown that at these extraordinary tem- 
peratures we may expect the material to 


act as a perfect gas long after it would 
be compressed into a liquid or solid un- 
der or^nary conditions. The center of 
gravity of Sirius and its companion can 
be located, and it is found that the bright 
star is two and one half times as heavy 
as the sun, w^hile the companion has 
about four fifths of the solar mass. On 
the other hand, this companion gives 
only one ten-thousandth as much light as 
the bright star, but nevertheless its sur- 
face is white hot, much more brilliant 
than the sun. There seems no escape 
from the conclusion, then, that this is a 
very small body and it has a diameter 
about one thirty-fifth that of the sun, or 
about the size of Uranus. Further ob- 
servations with the great telescope at Mt. 
Wilson have verified Eddington's 
theory, and it turns out that the material 
of this companion must average about 
fifty thousand times the density of water. 
Such a weight per unit of volume is far 
beyond anything in direct human experi- 
ence. A pint of the material would 
weigh twenty-five tons. A man could 
not even support as much as a ring of it 
around his finger. Things are far more 
exaggerated when we consider the condi- 
tions on the surface of such a star. On 
the earth, if one throws a ball out of the 
window it will fall sixteen feet the first 
second. On the companion of Sirius, 
such a hypothetical projectile would 
drop towards the center of the body no 
less than one hundred miles in the first 
second. In fact, w^e must revise all our 
notions of the properties of matter when 
we consider what may happen at a tem- 
perature of some millions of degrees. 

Since all the stars of the Ursa Major 
group are much alike in color, it is prob- 
able that Sirius and the two eclipsing 
stars we have mentioned are fair sam- 
ples of the general system. At any rate, 
whenever we look up at the Big Dipper, 
we can say with Shakespeare : 

At first I did adore a twinkling star. 

But now I worship a celestial sun. 
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SYNTHETIC RUBBER 

By H. E. HOWE 
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For almost twenty years the question 
of synthetic rubber has periodically come 
to the surface, only to be again sub- 
merged by circumstances, the chief factor 
in which has been cheap natural rubber. 
In 1912 at the International Congress of 
Applied Chemistry in New York the offi- 
cial representative of the (icrman Em- 
I)ire displayed among other articles used 
to emphasize German contributions to 
industry a set of automobile tires com- 
posed of synthetic rubber. Tliese tires 
were said to have run some four thou- 
sand miles, but there was no way of 
(jhecking this statement and some doubt 
has since been expressed as to whether 
they were composed wholly of synthetic 
rubber. The lecturer admitted that the 
difficulties to be overcome before the 
pi’ocess could be commercial were very 
numerous, but promised that science 
would not give up until victory ha<l 
been won. 

Since 1912 crude rubber from the 
plantations has occasionally sold at very 
low prices, has occasionally attained very 
high prices, but until riM'cntly lias been 
maintained at such a price level as to 
make the development of synthetic rub- 
ber unattractive. 

Tt is not suriirising to find a wide in- 
terest in the possibility of synthetic rub- 
ber. It has already been demonstrated 
ill the ease of many ('omplex substances 
such as indigo, glandular principles for 
medicinal use, one of the popular flavor- 
ing extracts, and the fixation of atmos- 
pheric nitrogen — to mention but a few 
examples — that science through the re- 
searcli laboratory can produce materials 
that really duplicate those of nature, or 
if not complete duplicates, then articles 
which supplement the supply of nature 
or which can be used in their stead. 
What is there about rubber which should 
make it less possible to produce it in the 


laboratory than to make some of these 
other articles that are of everyday com- 
mereial acquaintance? 

To begin with, it must be r(*alized that 
rubber is a comjilex substance. It has a 
number of unique characteristics. It is 
very plastic before it is vuleanized, and 
after vulcanization it has remarkable 
elastic ])ropcrtics and high resistance to 
abrasion. It is not the rubber hydro<*ar- 
bous themselves that present the great- 
est difficulty, but the nature of the rub- 
ber ])arti(*les. The latex whi(*h comes 
from the rubber tree is a liquid, perhaps 
a colloidal solution of a mixture of three 
or four hydrocarbons with non-rubber 
substances, prineijially proteins. In the 
jiroeess of coagulating the latex the ])re- 
cipitated rubber particles are probalily 
surrounded by a thin film of the proteins 
or other non-rubber substances. This 
arrangement seems to bo the same in all 
particles, and the exact duplication of 
such a system is umiuestionably very 
difficult. We repeat ** difficult^’ and 
avoid using the word ‘‘impossible,’^ be- 
cause many things have bi'cn done in tlie 
res(‘arch laboratory Avhich were freely 
characterized, even by the devotees of 
science, as impossible. 

During the war a material called syn- 
thetic rubber was produced in Germany 
from acetone, but notlii ng is known of 
the yield or the cost. The quantity is 
believed to liave been about forty tons 
l)er month, but this material was satis- 
factory only for hard rubber articles. 
When you consider the proportion of 
manufactured rubber goods that are sold 
in the form of hard rubber, you will 
realize that a material suitable only for 
such arti<‘les can not be considered a real 
substitute for crude rubber. Not only 
wuis this material lacking in elasticity but 
was also very short-lived. 
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It has been known for many years that 
when crude rubber is subjected to de* 
structive distillation a compound called 
isoprenc is obtained and that this same 
material results when turpentine is given 
the same treatment. It was but natural 
then to give tur])entiue serious considera- 
tion as the starting point in the produc- 
tion of isoi)renc from which crude rubber 
could be made. Work along this line has 
not been successful because of low yields. 
Furthermore, it has become more and 
more evident tliat the use ol* turpentine 
is unsound economically, for if the syn- 
thesis were successful the supplies of raw 
material would be wholly inadeciuate. 
Attention was turned to otlier materials, 
including the family of olefins and diole- 
fins obtained from petroleum and chemi- 
cal corn|)oiinds that could be deriv'od 
from coal tar and from star(*h. The early 
workers discarded petroleum as a source 
of raw material, while coal tar was 
favored in (icrmany, and starch in Kn- 
gland. More lat('ly petroleum has re- 
ceived the attcuition of American 
chemists. 

Without going into technical detail it 
may be said that much research is in 
progress along these three' lines. There 
is no doubt about the difficulty of the 
work in hand, for aft(*r the parent 
hydrocarbon has been select c'd and pro- 
duced on a commercial scale, the scien- 
tist is still confronted with the furtlier 
and distinct operation of causing that 
hydrocarbon to polymerize, that is, build 
up a large complex molecule from many 
smaller and more simple ones, Tsoprene 
and methyl isoprenc will polymerize 
n])on standing at atmospheric tempera- 
ture, but the reaction takes place very 
slowly and the yields are low. If the 
temperature is maintained at 60° C. 
polymerization takes place in from four 
to six months. Various materials have 
been tried to assist or to hasten this 
action. 

While synthetic rubber is not an item 
of commerce to-day and probably is pro- 


duced nowhere except on an experi- 
mental basis, it has been brought to the 
fore by return of high prices and by the 
prospect of a distinct rubber shortage 
within the next few years, due to inade- 
(juate planting of new rubber trees in the 
Far Kast and to steadily increasing de- 
mand for crude rubber, coupled with 
certain restrictive legislation put into 
effect by Great Britain. The failure to 
plant trees as rapidly as world demands 
would make advisable and the enactment 
of the restrictions upon crude rubbc'i* 
exports came about from low prices 
which crude rubber brought a short time 
ago. So large a proportion of the crude 
rubber is produced under British control 
that it became a simple matter to regu- 
late exj)()rt so as to adjust supply and 
demand in a fasliion to increase prices. 
Little fault is found with those produc- 
ers of British rublu'r who liad the fore- 
sight and courage* to proceed to develop 
plantations, while others showed no in- 
ter(*st in such enterprise's, but a great 
deal of criticism has been leveled at tlic 
British government for officially taking 
a hand in the creation of a m()noi)oly in 
crude raw materials. Many believe that 
the shortages which are imminent and 
the prospect of several years of high 
prices can not fail to stimulate nc'w in- 
terest in the ])r()duction of crude rubber 
from liydrocarbons d(*rived from starch, 
from coal tar or from hydrocarbons pro- 
duced as by-products of the petroleum 
industry. 

The technical difficulties have been 
mentioned. A furtlier consideration is 
tlie economic phase* of the question. The 
De])artment- of Commerce in its crude 
rubber investigations reached the conclu- 
.sion that the plantation rubber industry 
can live and prosper on present yields 
of rubber per tree when rubber sells for 
thirty cents. The manufacturer of syn- 
thetic rubber therefore must not only be 
able to achieve uniform production and 
produce material with most of the char- 
acteristics of rubber, but he must do so 
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at not more than thirty cents a pound. 
It must be borne in mind also that while 
the research laboratory is busy on the 
problem, the rubber tree offers the agri- 
culturist a great opportunity. There 
may be ways of bringing the tree into 
production in a shorter time after it is 
set out than is at present the case. It 
seems almost certain that trees can be 
develoi)ed which will resist disease to a 
gi’cater extent and perhaps yi('ld more 
rubber per tree. Surely, if tlie agricul- 
turist can accomplish in this field what 
he has done in the case of the sugar beet, 
wheat, corn, tiio nut-bearing trees and in 
many other direction.s, the clieniist has a 
very large handicap with which to con- 
tend. 

On the otlier hand, we know that rub- 
ber is now used in many places for whicli 
it is not th(‘ ideal material and wliere tlic 
service to be performed does not call for 
all the peculiar <*haracterislics of rubber. 
A synthetic produ(‘t may be developed 
which will serve in an entirely satisfac- 
tory way this larg(‘ and diverse domaiul, 
leaving to crude rubber an ever-growing 
Held where utilization appears to be lim- 
ited only by price. 

In view of the difficulties, the pros- 
p<'cts, and all the conditions, is it worth 
while to continue the s(*arch for synthetic 
rubber? rmiuestionably it is. The ex- 
tent to w'hicli rub))er has entereil into 
our everyday life is in itself a .sufficient 
reason for conducting res(*arch looking to 
the synthesis of so es.sential a material, 
and this is particularly true in America, 


wdiere we consume more than 70 per 
cent, of the world’s production of crude 
rubber and i)roduce none. Even though 
synthetic rubber may not be produced in 
the near future at a price to compete 
with crude rubber, there are times when 
price is a minor consideration and there 
is also the ])rospect of further discoveries 
that will lowH'r costs and improve the 
product. The ability to produce syn- 
thetic rubber of .satisfactory qualiliea- 
tions on demand w^ould constitute a great 
defense again.st higher and higher prices 
and give* a degn'e of independence that 
w'ould b(‘ w'orth more than the cost of 
the research. 

The ])rospect of .syntludic rubber sat- 
i.sfactory in quality and (*omm(*rcial in 
l^rice grows brighten* day by day because 
of the gradual increase in our knowledge. 
As the sci(‘n1ists develop new facts re- 
garding crude rubb(‘r, mon* will bo 
learned on the [)roduc1ion of synthetic 
I'ubber. As our know*l(*dge of the use of 
high temperatures and high pressures 
incr(‘ases, as we gain more information 
concerning catalysts, and how they ])er- 
form their function.s, and as the organic 
chemists establish a longer and ever 
longer list of relationships between atoms 
and molecules, and as the physical chem- 
ist becomes better acquainted with the 
structun* of the molecule and the atom, 
we may exp(*ct wholly new^ developments 
in the (ield of synthesis and unexpected 
things wdll bo accomplished in the syn- 
thesis of rubber. 
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Emerson once said that “everylhiiij? 
in nature is engaged in writing its own 
history/' As long ago as one Jiundred 
and fifty years, a handful of men in sev- 
eral European countries, before Emer- 
son iiad made liis declaration, came to 
the conclusion that tlic earth had written 
its own histoiy. These men set out to 
unravel the tangled skein of tlie earth's 
story and in so doing founded the science 
of geology, (leologists are the historians 
of the earth, and it is as a geologist that 
1 wish to write. As a geologist, however, 
J am not going to tell you how old the 
eartli is, because I do not know. I am 
not going to say \vhat the consensus of 
expert opinion concerning the age of tlie 
earth is, because there is no consensus of 
exi)ert opinion. I am merely going to 
attempt to show why the student of eartli 
history is best fitted to ta(*kle the prob- 
lem of the age of the earth, as well as 
how he has attacked it and something of 
the general results he has obtained. 

Opinions concerning the age of the 
earth may be divided into two great 
groups, the one derived from a consi<ler- 
ation of tlie account in (icnesis or other 
documentary evidence, and the other 
derived from a conscientious attemiit to 
make the earth give up its own story. 
J shall not sj)eak about any of the docu- 
mentary accounts, other than to siiy that 
any belief, no matter how gained, which 
ascribes but a paltry five or six thousand 
j^ars as the age of the earth, is em- 
phatically denied by the only person who 
has any right to ])ose as an authority on 
this subject. That person is old Mother 
Earth herself, perhajis the only member 
of her sex w'ho ])ersistently and insist- 
ently proclaims to tluise who can under- 


stand her that she is very old. She is so 
old, indeed, that to attempt to measure 
her age in years is as absurd as to at- 
tempt to measure the volume of water in 
the Pacific Ocean with a teacup. She is 
so old that man, whose own life is so 
short, has the greatest difficulty in im- 
agining the vast ages which have elapsed 
since her birth. We can only wuth diffi- 
culty conceive of the time which has 
passed since the giant serpioia trees of 
Talifornia were seedlings, and yet the 
few thousand years through which these 
oldest of living things have endured are 
but a moment in geological time and 
have added scarcely a wrinkle to the 
already deeply furrowed face of earth. 
The dis(M)very of the tomb of Tut-Ankh- 
Amen has recently fired the public mind 
with the glories of anti(|uity, and yet 
w'hen viewed in the perspective of the 
jiast history of the earth or even that of 
man, who has probably existed for at 
least fifty thousand years, King Tut be- 
comes a modern monarch, and the f(*w 
thousand years which separate him from 
us fade into insignificance. 

J)cs[nte the calm and apparently im- 
movable expression on the earth's face, 
changes of great importance have taken 
])lace in that expression since the begin- 
ning of the earth’s existence as a sepa- 
rate entity in the solar S3"stem. If 3011 
and 1 could return to our favorite haunts 
in the mountains or on the seashore 
after a sojourn of five thousand years 
elsewhere, we should probabl3' detect 
ver3' little change. To be sure, our 
favorite trout lake might have b(‘en 
filled with sediment and converted into 
a cow pasture, or drained by a river, 
during our absence, because lakes are 
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peculiarly evanescent phenomena and 
short-lived without exception. We might 
find that the stream which once flowed 
into the ocean a half mile from our sea- 
side bungalow now flowed into the ocean 
over the very site of tlie bungalow. We 
might even find, if the bungalow had 
be(»n situated on a low, wide beach, that 
its site now functioned as a portion of 
the sea bottom, half a mile from sliore. 
Nevertheless, we should detect very lit- 
tle change in the larger features of the 
landscape. The mountains, although 
they had been attacked by rain, frost, 
snow and other agencies which gnaw at 
and tend in time to destroy rocky emi- 
nences, would not appear noticeably 
lower. The general configuration of tlje 
coast would very likely be but little 
changed. 

If, instead of five thousand, wc should 
ndurii after a million years, we might 
be startled by the changes we should se(*. 
Our mountains might be worn down to 
pitiful stumps or even to a flat plain 
with nothing to indicate their former 
grandeur. The sea might have advanced 
upon the land so that vast regions now 
dry would be covered by marine waters 
teeming with creatures quite dilTerent 
from those which inhabit the seas to-day. 
^riie life of the lands might have a 
strangely exotic appearance and even 
our own descendants might appear so 
vastly different from ourselves that we 
could not recognize them ! Such changes 
have occurred again and again in the 
])ast ; why should we not expect them to 
do so in the future? 

For many years poets have sung of the 
‘ ^nerlasting hills, of tlio permanency 
of their physical environment. With the 
progress of geological science, it has be- 
come clear that nothing is more certain 
than that the hills are not everlasting, 
that some day the highest mountain i)eak 
will crumble and fall away, perhaps to 
rise again at a later date. Whole moun- 
tain ranges are known to have been built 


and removed within but a small fraction 
of geological time. As it is with the 
mountains, so it is with many other 
features of the face of the earth. Noth- 
ing endures; the eartli; as we know it 
to-day was very different yesterday and 
will be very different to-morrow. 

This conception of pcTpetual change 
ill nature look f()rm at an early date in 
the human mind. The first ideas of a 
world in constant flux were not based 
uf)on carefully observed fact and w(*re 
not destined to take a firm and lasting 
hold upon the minds of men. The nat- 
ural instincts of man work to obliterate 
the belief in the impormanoney of 
things, because of fear of the unknown 
and the uncertainty wliich cliange 
lirings. It was thus that tfie doctrine of 
evolution in plants and animals, al- 
though conceived at an early date, lan- 
guished until the middle of the last 
century when it fell like a thunderbolt 
from the pen of Charles Darwin upon 
the reason of thinking men. Now it is 
known that the ebb and flow, demon- 
strated so clearly for the races of plants 
and animals, is true of their physical 
environment as well. 

One poet of the nineteenth century 
saw life and the world through the 
trulli-seeking eye of science, and I take 
the lilu'rty of (pnding a few of his 
stanzas. The poet was Tennyson, and 
the lines are from ‘Mn IMemoriam : 

Thfrc rolls tlio dt*t*p >vlicrc grow the tree. 

() earth what changes hast thou seen! 

There where tin* long street roars, hath been 
The stillness of the eentiat sea. 

The hills are shadows, and they flow' 

From form to form and nothing stands; 

Tliey molt like mists, the solid lands, 

J^iko clouds they shape themselves and go. 

Last summer I stood u]>on a high jicak 
in the Montana Rot'kies and dug from 
the rocks upon its crest a large quantity 
of fossil sea shells. The rocks them- 
selves were clearly the consolidatt'd sedi- 
ments of an ancient sea floor, which at 
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one time occupied a great trough out of 
which tlie liocky Mountains at a much 
later date raisecl their lofty heads. We 
might well join with Tennyson in sing- 
ing earth what changes hast thou 
seen. Tlic elevation of the Rocky 
Mountain district is only one oT the 
many changes which have taken place 
during geological history. It is the busi- 
ness of the science of geologj' to detect 
these changes and to estimate the time 
nature has taken to effect them. Let us 
sec how these estimates are made. 

I have said that 1 can not state the 
exact age of the earth. One of the rea- 
sons for this is that the earlj" stages of 
the earth history are shrouded in mys- 
tery. There is g(K)d reason to believe 
that the earth had a bi-parental origin 
just as 3 'ou and I. The earth is the child 
of the sun, its mother, and of a visiting 
.star, its father, which, approaching close 
to the mother sun, forcibly extracted the 
earth, as well as its sisters and brother.s, 
the other planets, by the tidal pull 
which all celestial bodies exert upon 
each other when they approach within a 
certain radius. After a long evolution, 
how long nobody knows, the earth grew 
by gathering in the .star dust which it 
encountered in its path around the sun, 
gradually attracted an atmosi)here, and 
rapidly cooling, finallj" acquired stand- 
ing water in the depressions on its sur- 
face. Not until the acquisition of an 
atmosphere and an ocean did the earth 
begin to record its age. 

It has long been known that the oceans 
were among the earliest permanent 
features to develop on the earth’s sur- 
face. It is also known that in the begin- 
ning the oceans were fresh and that the 
.salt which we now ffnd in all sea water 
was largely brought from the land b^^ 
rivers. For a long time geologists have 
been interested in e.stimating the age of 
the ocean on the ba.sis of the rate at 
which salt is supplied to the .sea by riv- 
ers. As early as 1715, Edmund Halley 


suggested the po.ssibility of ascertaining 
the age of the oceans in this way. Not 
until 1899 liad sufficient data accumu- 
lated to make such an estimate possible. 
In that year, Joly, the British physicist, 
u.sing the figures at hand for the yearly 
amount of salt in river water and the 
estimated amount of salt in the sea, by 
.simply dividing the second by the first, 
calculated that the oceans were ninety- 
seven million, six liundred thousand 
3 'ears old. Other estimates have been 
made, but all give nearly one hundred 
million j^nirs as the age of the sea. Any 
estimate of this type must forever be of 
a veiy general nature, because no one 
can evcT know the rate hy which rivers 
of the past have added salt to the sea. 
Since the estimates just cited are based 
on the present yearly amount of salt 
carried into the sea and since there is 
g(M)d reason to believe that this i*ate is 
much high(T now than during most of 
the past, the oceans would a])pear to be 
at least one hundred million years old 
and probably much older. 

In addition to salt, rivers carry great 
quantities of rock material worn from 
the land and finallj" deposited in the sea. 
The Nile dumps over fifty million tons 
of rock debris upon its delta every year. 
Yet the removal of this tremendous ton- 
nage of waste from the land does not 
affect the general appearance of the land 
unless continued for a veiy long time. 
We ma 3 ' dwell throughout our lives on 
the bank of a river, and yet see no ap- 
])arent widening of the valley. Rivers, 
however, do widen their valleys, but at 
a tremendously low rate compared with 
the brief span of a human lifetime. At 
8t. Louis the bluffs of the Mississippi 
River stand about twenty miles apart. 
At one time the Mississippi was a j'oung 
river and its valley walls were close to- 
gether. At some future time, if condi- 
tions remain the same as tliey are to-day, 
tlie bluffs flanking the Mississippi will be 
appreciably farther apart. With time 
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rivers not only widen their valleys, but 
reduce great tracts ol* land to essential 
flatness. At the present rate of river 
wear, the widening of the Mississippi 
valley at St. Louis must have taken at 
least one million years. The reduction 
of the entire area drained by the Mis- 
sissippi to flatness would require much 
longer, perhaps tens of millions of years. 
Now, there is good evidence in the rocks 
that rivers of the past have repeatedly 
worn great areas nearly to flatness, so 
that tlic age of the earth base<l upon tlie 
present rate of river erosion would be 
near one liundred million years. 

In the course of earth history great 
deposits of rock waste liave been lumped 
up in shallow marine basins which have 
again and again formed ui)on the sur- 
face of what is now the dry land of the 
continents. These deposits in time were 
consolidated, u])lifted and preserved as 
rock. More than sixty-five miles of these 
so-called sedimentary rocks have been 
formed in the course of earth evolution. 
It has been estimated that at least one 
hundred million years were consumed in 
tlie accumulation of this vast pile of 
rock waste. 

When the geologist turns his eye to 
the mountains, he finds abundant evi- 
dence to prove that mountains are built 
very slowly. Most convincing, perhaps, 
are certain rivers, which hold their 
courses athwart a region of uplift, and 
cut into the mountains as fast as they 
rise. Such a stream was the Columbia. 
This rivi*r was unfortunate enough to be 
flowing over a region destined to be ele- 
vated into the Cascade mountains. As 
the mountains rose the river cut down 
into them and suffered little or no devia- 
tion from its original course. To-day 
it can be seen flowing placidly through 
the heart of the Cascades, over the cour.se 
it had followed before the mountains 
existed. We know that rivers cut into 
their channels very slowly, so we infer 


that mountains cut by such persistent 
streams as the Columbia must have risen 
equally slowly. Yet in the history of 
the earth lofty mountains have been re- 
peatedly lifted and worn to flatness, leav- 
ing nothing but their stumps and great 
piles of rock debris to commemorate 
their former eminence. While the time 
involved can not be determined in years, 
it must have been great; so great that 
the human imagination can not fully 
grasp its significance. 

Most i)eople know tliat many of the 
plants and animals of the j)ast are pre- 
sciwed as fossils in the rocks of the 
(‘arth. These fossils give us a picture of 
the changing appearance* of living things 
during tin* long eras of geological time. 
How fast did these changes take place? 
We know that the plants and animals 
of to-day are not noticeably different 
from those described in the earliest 
human documents. Five, ten or fifteen 
thousand years may pass without eflect- 
ing any appreciable change in the gen- 
eral aspect of the worlds life, Vet 
changes of a striking order have taken 
place. Before man, the gigantic dino- 
saur ruled the earth, and before the 
dinosaur various races of fishes and 
lowly mai’ine creatures vied with each 
other for world dominion. Whole dynas- 
ties of creatures rose to dominate tlie 
seas and lands of the past, only to fall 
into the oblivion of extinction, and to be 
succeeded by other dynasties. The very 
oldest fossil j)lants and animals show 
that a long ancestry, entirely unrevcaled, 
must have gone before. All tlicse facts 
f)rove that the earth is very old, .so old 
that the brief flash of a year or a cen- 
tury loses all meaning. 

In conclusion let me cite very briefly 
certain experiments which indicate even 
an older earth than any of the evidence 
mentioned thus far. A few elements in 
nature are known to be unstable and 
constantly breaking down into different 
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things. For example, uranium passes 
into radium, and ultimately, after many 
successive stages, gives rise to helium (a 
gas) and lead, which are stable products. 
The rate of this transformation can not 
be altered and is accurately known by 
cx])eriment. 

The age of a given rock or mineral 
can be estimated by measuring the 
amounts of uranium and helium con- 
tained. Since the length of time re- 
(juired to generate the helium, one of the 
end pro<.lucts of the decay of uranium, 
is known, sufficient data can be had to 
estimate the age of the sj)ecimen in hand. 
Thus a piece of rock from (V'ylon was 
found to be two hundred and eighty 
million years old ; other rocks were found 
to be five hundred million years old; 
while still other rocks wore cstimat(*d to 


be as much as ten billion years old. 
Other methods of studying radioactive 
minerals and rocks lead to various re- 
sults, but in general the estimates of the 
age of the earth biised upon the so-called 
radioactive clock are from ten to fifty 
limes higher than those based upon 
strictly geological evidence. This dis- 
crepancy is partly due to tlic fact that 
the geological methods can not measure 
the breaks or missing intervals so preva- 
lent in the earth's history, and undoubt- 
edly give rise to underestimation. Mak- 
ing generous deduction for the probable 
overestimution of the new and as yet un- 
p(‘rfected radioactive clock, we may <*on- 
clude, and still considex* our conclusion 
a conservative one, that the earth is at 
least from three* to five billion years old. 



THE TRASH-CARRYING HABIT OF CERTAIN 
LACE WING LARVAE 


By Professor ROGER C. SMITH 

KANSAS STATE AURH'DLTUHAL fOLLF^lE 


Among tlie strikinj< habits ot‘ insects, 
the tmsh-carryinjr habit of the lai*\’ae of 
certain species of ( -hrysopidae deserve 
especial mention. The little load of 
debris curried l)y these larvae sujfj^esls 
to the observer the sliield of tribal war- 
riors or* a type of modern camouflage as 
carried out in the late war and by certain 
hunt(*rs of game. 

The Chrysoi)ids contain some species 
which are plentiful. The adults are 
known as “golden eyes” or “green lace 
wings. “ The larvae are often referred 
to as “aphis lions “ because of their gen- 
eral use of plant lice or aphids for food. 
The species in which the larvae pile trash 
on their backs are all scarce or rare. 
They occur perhaps most commonly in 
the citrus groves. OtluT species have 
been taken on trees, shrubs and under- 
brush in New York, V'’irginia and Kan- 
sas, but they are not commonly seen even 
by collectors. 

The ('hrysopids as a family group ])os- 
sess some habits and d<'vices for protec- 
tion and defense which compare favor- 
ably with the most unique among insects. 
Among those best knowii, the following 
may be listed : The stalked eggs, the long, 
sharp jaws of the larvae, the long setae 
on the back of the larvae, the cocoon con- 
taining the pupa, the repellant glands of 
the adult and the protective coloration 
of all stages are all characteristics and 
propei’ties which make for the pnvserva- 
tion of the individual. There is another 
device which is predominantly protective 
and perhaps less well known, vk,, the 
trash-carrying habit of the larvae of cer- 
tain species. It is indeed the most 
unique performance of these interesting 
creatures. 


The true trash-carrying larvae are 
those carrying the inverted saucer- 
shaped packets of debris upon their 
backs in all thive of the larval stages. 
The following foreign species have been 
reported as b(‘ing true trash-carriers: 
(Jlirjjsopd iurntralis Curtis, C. micropliya 
xMcLach. and (L prasina Hurm. The 
known s])ecies having this habit in the 
Cnited States are (^hnjsopa lincaticonuH 
Fitch, (\ coikvrvUi Banks, C. lateralis 
(hier., C. hima cilia fa McClendon, C. hi- 
earned Hanks, Allachrysa />arr?Jn Banks 
and Lcucoclirysa jloridana Banks.® 

The packet of trash in these species is 
most ingeniously made. The materials, 
which are usually the sjiine or very simi- 
lar in the different species, arc suffi- 
ciently interwoven a ml tied together to 
form a shapely iKunispherical mass. Jt 
is laboriously constructed by the larva 
and repeatedly added to or repaired so 
that there are rarely trailing ends. The 
larva utilizes the matei'ials of its sur- 
roundings to form these packets, thereby 
increasing any j)rotective value. They 
consist chiefly of insect molts, dead in- 
sects, entire or only parts, fibers of both 
plant and animal origin, bits of bark, 
lichens, spiders’ webs and other similar 
materials. 

The larva either jilaces small bits of 
these materials upon its back with the 
jaws, or it crawls under them and shifts 
them in place by body movements as- 
sisted by the juus. The laiwa can bend 
its head posteriorly almost horizontally 
when the front legs are lifted. As pieces 

2 It h;is born found recently tluit Ercomo- 
chrym punctiitervL^' McLach also belonged in 
this group. Reared larvae refused to take food 
until they had piled some trash on their backs. 
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are put in place, loose ends are gathered 
up by the jaws and lucked into the mass 
in such a way that it is considerably in- 
terwoven and compact. The materials 
are added only to the anterior portion of 
the packet. They are later pushed and 
shifted posteriorly so that when the larv^a 
i.s resting tlie entire abdomen and the 
greater part of the head and thorax are 
covered by this packet. 

These larvae are well fitted morpho- 
logically to construct and carry these 
packets (Pig. 1). 



Fi(}. 1. ]jatornl view of n grown Ijirvn of 
Chri/aopa coclrrf’IU Bjuiks — a rare spoeics of 
Kansas and CVilorado—with ])acket removed to 
show the Icnig thoracic tubercles with setae 
arranged fan shaped, the short abdoniinal 
tubercles, the recurved dorsal abdominal setae 
and the shortened and humped abdomen. 

The abdomen is much shorter and 
broader than in tlie non -trash-carrying 
larvae. The thorax or leg-bearing por- 
tion of the body is nearly normal for the 
family except that the stalks of the pro- 
thoracic and mesothoracic lateral tuber- 
cles are exceedingly long and each bears 
a group of uptumed setae which extend 
outward like a fan. These setae support 
tlie anterior portion of the jiackct and 
allow for complete freedom of movement 
on the part of the thorax in locomotion. 
The lateral tubercles on the abdomen arc 
quite small and bear short but stout 
setae. On the dorsum of the abdomen 
there are on each segment, from the first 
to the seventh, inclusive, one to three 
rows of minute or microscopical setae 
(perhaps tlie Angclhaaro of Dewitz,* 
1885), with recurved tips. Each, there- 
fore, is a small hook vvldch anchors this 
»Dewitz, H., Biol. Centbl., 1885, 4: 722-723. 


mass firmly to the back of the larva. 
The sliort, stout setae from the lateral 
tubercles also assist materially in holding 
the materials in place. 

At rest, the larva contracts the thorax 
and abdomen somewhat, thereby bring- 
ing practically all the body beneath tlic 
packet. However, when it walks or runs, 
the head and a small part of the thorax, 
the tips of the first two pairs of legs and 
the end of the abdomen protrude from 
under tlie packet. The packet sways 
rather unsteadily from side to side such 
that photographing living larvae is most 
difficult. 

These larvae are positively thigmo- 
tropic, as evidenced by their actions 
when the ])acket is removed. They run 
around excitedly and frequently en- 
deavor to crawl under h»avcs, trash and 
packet materials. Furthermore, they 
are often found resting in crevices or ir- 
regularities of bark or under loose pieces 
of bark where their Ixslies are in clo.se 
contact with the substratum. 

Many writers have stated that Chry- 
sopid larvae ])laee the skins of their vic- 
tims on their backs. While the impres- 
sion has been frequently given that all 
('hryso])id larvae have this habit, some 
waiters unquestionably observed the true 
trash-carrying habit. Tt is not possible 
to asciu'tain from the published accounts 
in every case whether writers observed 
the true trash-carriers, or whether they 
referred to larvae with merely a few 
ajihid skins on their backs or sides. 
Nearly all the larvae have long setae or 
.stout bristles on their sides and dor-sum 
which may accidentally pick up such ma- 
terials. The true trash-carriers, how- 
ever, are only those larvae which carry 
the packets of debris upon their backs. 
There is no authentic imblisJied record 
of a Hemerobiid lami, or a ‘‘brown lace- 
wing'’ larva, as now understood, being 
a trash-carrier. The known larvae of 
this family do not have the proper shape 
and morphological features which make 
this habit possible. 
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The carrying of a few aphid molts or 
skins on the setae of the body is perhaps 
the beginning of the evolution of this 
habit. The skins arc not necessarily 
placed on the setae by the larvae, but 
they catch on them as the larvae walk 
about. Further, the larvae sometimes 
scar(*h among these skins for food, or at- 
tempt to conceal themselves by crawling 
under them. They may adhere on any 
part of the body and are not constant 
in kind, amount or position. Chrysojxi 
oculaia Say and C. nigrocornis Burm. 
are typical of this group. 

An intermediate condition in tlie evo- 
lution of trash-carrying is shown by 
Chrgsopa quadripunciaia Burm. I^arvac 
of this species liave the general colora- 
tion of our known trash-carriers, and 
they more commonly than others have 
skins and cottony filaments on their 
backs. But the trash is never in the 
form of small packet of constant form 
and appearance. These larvae are nor- 
mally found on trees and shrubs. They 
are often taken among woolly aphids, 
certain wcK)lly leaf hoppers and other in- 
sects with woolly coverings, so that even 
a few skins obscure them effectively. 

The question at once arises: Is this 
rather elaborate construction and the ac- 
tivities incidental to it a real protection, 
or merely theoretically so? From the 
point of view of man, they sometimes 
make the larvae more consi)icuous. A 
small piece of debris from two to eight 
millimeters in diameter moving across 
green leaves or on tree trunks is not only 
readily seen but excites the curiosity of 
even a casual observer. On the other 
hand, among woolly aphids they are 
difficult to distinguish. At rest tliey 
might be mistaken for loose masses of 
cottony materials or even bird droppings. 
These larvae, for the most part, live and 
search for their food in exposed places, 
as on leaves and tree trunks. Parasitism 


is low among them. The only parasites 
reared by the writer from trash-carriers 
were from larvae sent from the citrus 
groves of Florida. It has been reported 
that they are sometimes highly parasi- 
tized in California. No parasites were 
obtained from the northern species, C. 
cockerelli and C. Hnciilicornis. Lurie 
(1898)^ pointed out that Chrgsopa sep~ 
tempunctatii is often parasitized, but in 
the trash-carriers, C. prasina and C. ven- 
iralisy parasitism is seldom found. So 
this habit apparently offers an appreci- 
able degree of protection from para- 
sites, but certain hymenopterous para- 
sites, especially those whose larvae arc 
leaf-crawling planidia, do attack them. 
They have not been re[)ortcd as being 
eaten by birds, and the writer has not 
observed it, but it w’ould be no surprise 
to find that titmice, creepers, nuthatches 
and birds with similar habits picked up a 
number of both larvae and pupae as tliey 
search for food on tree trunks. 

The bodies of trash-carrying larvae are 
more delicate than the naked larvae. 
They appear semi-translucent at times 
and the ei)idermis is less chitinized. The 
])acket serves as sonu' protection from 
mechanical injury and from drying out 
as suggested by Lurie (1898). At least 
two species, C. cockerelli and C. ven- 
i rails, ov(*r- winter as larvaci under or on 
the bark of tre(‘s. These covei'ings per- 
haps give some protection against the 
rigors of wunter. 

In the main, it therefore appears tliat 
the trash-carrying habit affords a definite 
degree of jirotcetion of one kind or an- 
other, as is usually stated, though there 
is little quantitative data supporting it. 
It is of especial interest to the naturalist, 
however, because it is, in present-day ter- 
minology, a familiar kind of camouflage. 

Lurie, M. (J., | Russian title]. ^‘The Biol- 
ogy and Life History of Chrysopa Leach. 
Univ. Warsaw. Studios from lab. of Zool. 
Dept., 1SU8, pp. S3-132. 



PLANTATION RUBBER: ITS SOURCE AND 
ACQUISITION 

By Professor FRANCIS E. LLOYD 

MfOILIi UNIVERSITY 


The vast necessity for caoutchouc and 
the disturbinjr fact tliat there exists a 
'‘wicked monopoly” of the cultivated 
sujijily without the control of th'^ United 
Stat(*s of America, where by far the 
fjreatest bulk of raw rubber is consumed 
in manufacture, have aroused much in- 
terest in the tree that supplies this ma- 
terial and in the methods by which it is 
acquired. It is the i)urpose of this ar- 
ticle to present briefly this information. 

Of the many, many trees, shrubs and 
herbs which pnxluce rubber (as caout- 
chouc has come to be called) only one 
has afforded a paying and satisfactory 
culture up to the present, namely, the 
Amazonian “serin^ueira, ” lievea Bra- 
iilicnsLs, Other Amazonian species con- 
tribute to the supply of Avild rubber, a 
quality somewhat inferior to that of 
Brazil iensis bein" afford(*d by Bcniham- 
i<ma, and still more inferior by others. 
Of these and several other troj)ical rub- 
ber trees, namely, “castilloa” {CastiUa 
spp.), “ceara” (Mani/iot sp|).), and 
“rambouf^:” {Ficus clasiica), which have 
been tried in cultivation, only JJevca 
Bniziliensis has persisted. This will 
th(u*efore be referred to shortly as 
llevea. 

Fifty years after the birth of the rub- 
bc‘r industry, seeds Avere obtained in 
1876 by Sir Henry Wickham from the 
Amazon region. The history of this ad- 
venture is not pm’tinent hen*, but it may 
be noted in pajsainpr that, had it not been 
for it. tires Avould cost noAv still more 
than th(*y do. Tin* seeds AA’cre sent to 
Kew Gardens, and from there seedlinp:s 
were sent to Ceylon, Avhich Avas the dis- 
tributing point for further propagatinf? 
material. This reached India and 


Burma, Malaya and Java, and ultimately 
French Indo-China, Borneo and even 
the rhilippinc Islands. Plantation rub- 
ber noAv hails from all these countries, 
by far the greater bulk (about 80 per 
cent.) being from Malaya and Nether- 
lands India, in tlie ratio of t\\’o to one. 
Thc‘ oldest trees under cultivation in the 
Par East are therefore to be found at 
Ileneratgoda in Ceylon, and because of 
their historical interest two of these are 
here r(‘produced (Figs. 1, 2). On(» of 
the points to which the earliest distribu- 
tion Avas made from Ceylon Avas the Bo- 
tanical Garden at Singapore, Avhere the 
Avriter photograidied some of the origi- 
nal trees as they appeared in 1919 (Pig. 
3). From this illustration aat may see 
that there is nothing very striking about 
the tree regarded in the large. Mature 
tn»es in the forests of Brazil are no more 
remarkable. Young tn^es grown in the 
open soon acquire a AV(*ll-sliaped, rounded 
cani^py of leaves (Fig. 4). They are of 
rapid growth, ha\T a smootli bark — 
though a race with a decidedly rougli 
bark is known — and brancli rather freely 
and Avidely. The wood is brash and the 
tree is therefore easily damaged by Avind. 
Tropical regions subject to strong Avinds, 
therefore, are not suitable for Heveu, 
however mucli so otherwise. When 
grown on ])lantations, where it CH*curs in 
immense {)lantings of uniform size, it 
produces an orehnrd-like effect of ex- 
treme monotony (Pigs. 5, 6). 

Commoni)laec as is the a])pearance 
of the tree, the lea\"es and floAV(*rs have 
characters AAdiich, to the eye accustomed 
to the verdure of temperate regions, do 
have something distinct iv^e. The leaves 
are three-parted and of a glossy dark 
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Kios. 1 AND 13. Boles of the oKKJiNAr^ Hevea tbkes planted in the Botank’al Gakdens at 
l^EHADENIA, GEYLON, IN IKTO; PHOTO 11)19. 


<rr(‘en, with (lolicHtuly taporiii}? loaf- drying*: oraeks into twice as many ])ieces 
lets and characteristic venation. When as there are chainhers, setting free 
yoiiiifr their ])cndulous jiosition (Fif?. the .see<ls (Fipf. 10), which drop to the 

11) and ])ale color sjieak of tropical be- jrroiind, to<rether with the husks. If the 

havior. The flowers are individually in- reader has observed the fruit and seed 

considerable, but, on the otlu'r hand, the of the castor oil plant, which are very 

inflorescences are lar{?e and widely similar to those of the related Hevta, 
spnnulin^ (Fi". 7). Of all tin? possi- they will enable him to visualize* the 
bilities for the production of seeds as latte‘r. The irre^Mdar brown rnarkinprs 
measured by th(» number of flow(*rs, but seem on tin* castor oil seed are s(*en here 
few an* realized. The difficulties of pro- also. It is interesting to note that the 
ducin^ hand-pollinated seeds for the jiur- arran^euH'nt and character of these 
l)ose of selection and improvement are markintrs (Fi^. 10) are sufficiently char- 
very jrreat. When pollination and fer- acteristic of the individual tree so that 
tilization are successful, the fruits pro- the parent tree can be identified merely 
duced are rather conspicuous. Each by careful inspection of the seed — a 
fruit is a three (sometimes four or five) point of no small importance ])ractieally 
lobed Avoody affair clothed Avith a ^rrecn in the AA'ork of .selection, 
rind (Fi<?. 8) and havinpr as many The seeds contain much oil — ^like cas- 
clwimbers as lobes. In each chamber is tor oil seeds also in this — and they can 

])roduced a seed. When approaching not be dried and live. Respiration 

maturity the green rind dries and peels probably goes on at a rapid rate, and 

off (Fig. 9), and the Avoody portion in they are subject to attacks of fungi. 
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Fio. 3. The original planting of ruhbkr 
(Urhen at Singapore; photo lOJt). Fig. 4. 

ESTATE, 


They have, therefore, no jrreat 1 enure 
of life. Normally they frermiriate at 
once; if prevented, they soon lose their 
vitality. It was this fact that made the 
acquisition of living: material from Bra- 
zil difficult. Of 70,000 seeds obtained 
and sent to Kew, but a few (2,700) 
grerminated, and the seedlin^^s then had 
to be transported in toy prreenhoiises to 
(Vylon. Fortunately (from the Brazil- 
ian point of view unfortunately!) the 
trees develop very rapidly and in a very 
few years can produce a new crop of 
seed. 

Once germinated, the seedling devel- 
ops its first pair of leaves (Fig. 11 ) and 
then rapidly grows upward into a slen- 
der sapling (Figs. 12, 13). In starting 
plantations, the seeds are set out at once, 
or seedlings are grown in nurseries and 
then transplanted with various handling. 


A 



TREES DERIVED FROM ('EYIX)N IN THE BO'rANH’AL 
A YOUNG IIEVI*A grown on the RoENGW HAI4EH 
Sumatra. 


A practice which has of late years been 
introduced and one which is bound to 
have an important eff(*et on the yield is 
that of budding. Buds of high yielding 
trees are grafted near the base of seed- 
lings of good stock grown in nurseries. 
After the bud starts, the stem of the sa})- 
ling stock is cut olf some distance above 
the bud. When the bud is well started, 
the transplanting into the field is done. 
Lat(»r, when the new jilant shows signs 
of vigor, the superfluous piece of the 
.stock .stem is removed by a slanting cut 
near the growing bud. During the proc- 
e.ss of healing the wound is overgroAvn 
and eventually the joint practically dis- 
appears, though some distortion bears 
witness to the process for .some time. 
Many problems of great theoretical and 
practical interest attach to this proee.ss. 
Grafting in general has had to do with 
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tho production of improved varieties of 
fruits, and these are easily examined for 
qualities. It has been found, however, 
that the scions taken from a ‘*j*:ood” 
parent are not equally f^ocni, and 
this bud variation 1ms been the cause 
of disappointment. The rubber tree 
acts similarly, but it is much more 
difficult to test its frood qualities — this 
can be done only after sufficient growth 
by a iieriod of tapping?, a i)roeess subject 
to much error. Ilowever, it has been 
done with pro-misinj? n^sults. These 
qualities are resident in the bark of the 
tree and the effect of jrraftiri}?, with the 
necessary articulation of the bark of the 
stock with that of the scion, is problem- 
atical and only time will yield what it is 
wished to know. 


Arrived at the a^e of about five years, 
the tree has become “tappable.’’ Tap- 
ping is an operation requirin*?, to be 
understood, some knowledge of the struc- 
ture of the bark. There is a rather 
widespread idea that it is like the tap- 
])inp: of a maple to get the sap, wdiereas 
it is entirely different. The sap of a 
maple is derived fro^m the outermost lay- 
ers of Avood into which a boring is made 
and a spout adjusted to lead the drip- 
ping sap into a receptacle. The product 
of the rubber tree, called latex, is de- 
rived from the “bark’^ or cortex, beyond 
which no- latex can be obtained. It 
w^ould not only be useless but even 
harmful to cut deeper limn the inner- 
most layer of cortex. The rationale of 
tapping method will emerge from an 
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Fig. 7. Hkanihi of Hevea, showing the flowers. Fig. 8. Hipe fruit. Fig. J). Fruit 

READY TO HURST. FlG. 10. 1*0RT10NS OF THE HUSK AFTKR SPLITTING APART AND SEEDS FROM 

TWO DIFFERENT PARENT TREES. 


umlorstandin*? of the stnictiire of the 
eortex, and particularly of the inode of 
oecurrenee of the latex. In an ordinary 
tree stem, the wood and the cortex are 
.separated by the cambium, a layer of 
embryonic tis.siie which, by its own ])ecn- 
liar method of jrrowth, prives rise on the 
insid(* to the wood, on the outside to 
corl(*x. The cambium, therefore, p^ives 
rise to all the various structures of the 
cortex, includinp: of course those contain- 
inpr the latex, Avhicli are tubular and 
arise by the end-to-end fusion of short 
cells (Fip^s. IT), ID). 

The total thickness of the cortex in 
tn*es upwards of ten years of aj^e is 
about 8 inrn. Exarnininj^ a transverse 
section (Fij?. 14) it may be noted that 
th(‘ outer zone is broken up by masses 
of stone tissue, similar to the hard frap:- 
ments one notices in the flesh of a pear 
when eaten. These normally develop 
lat<» and have the effect of making the 
bark hard and prritty. IMoreover, their 
development breaks up the continuity of 
the latex tub(‘s, which may bo seen in 
regular ranks in the inner zone. This 


is obviously traversed by radiating tracts 
of cells, the medullary rays, which never 
contain rubber (see also Pig. 12, a, b). 
Elsewhere the latex vessels may be recog- 
nized because of their rather regular 
disposition in eyliudrical ranks, in a 
transverse section ajipoaring as circular 
rows. Each V(*ssel communicates by 
anastomosis Avith a neiglihoring vessel 
(Fig. .IT)) so that the whole number of 
vessels form a network intercom mnnic'at- 
ing chieHy tangentially, but sometimes 
even radially. The number of ranks of 
latex vessels is a matter of groat interest, 
since tlie amount ot* latex yielded must 
relate to the number of them, other 
things being efpial. Other things, how- 
ever, are not equal, so that the degn'c 
of correlation between yield and the 
number of ranks of latex vessels is only 
about one half the ])ossible. For this 
reason the method of estimating the 
yielding })Ower of a tree by counting 
the ranks of vessels does not \vork out. 

It may further be observed that the 
ranks of vessels are generally closer to- 
gether the nearer to the cambium, and 


PliANTATION RUBBEB 


273 



Fig. 11. A FuiiT.Y geicminated sekdtjno. Fig. 12. A young sapling. Fig. 13. Saplings 

ABOUT ONK YEAR OLD. 


often they come very close to it. The 
problem of tapping is to cut open these 
vessels transversely so* as to let the latex 
ooze out and at the same time to catch 
it and lead it to an appointed receptacle. 
This is done by cutting a groove in the 
bark in such a manner that all the ves- 
sels will be cut across so that the latex 
will ooze into the groove, thus forming 
a channel down which the latex will run 
to a vertical groove, thence down a spout 
into a cup suitably affixed. The collect- 
ing groove is placed at an angle with 
the horizontal great enough to permit 
the latex to flow downward readily with- 
out overflowing (Pig. 21). The cutting 
is done with a suitable gouge. 

The length and number of grooves and 
the frequency of cutting are all a mat- 
ter of decision based upon conviction or 
economic strategy. The conviction may 
be arrived at by scientific investigation, 
which has culminated in finding that a 
cut half round the tree every day for a 
period (two to eight weeks), followed by 
an equal period of rest, is sometimes the 


most advantageous. Strategy, on the 
other hand, may dictate devastating 
methods, as happened during the rubber 
boom, when any method of getting all 
the rubber possible was held justified. 
They even climbed into and tapped the 
lower branches — “monkey tapping’^ it 
was called. Periods of market depression 
have an opposite effect. Looked at his- 
torically, the various methods of tapping 
afford an interesting chapter in the de- 
velopment of method. The original Bra- 
zilian seringueiro carried a small hatchet 
with which he made cuts in mo-re or less 
haphazard fashion, fastening small tin 
cups so as to catch the flow. Recently 
there have been attempts at improve- 
ment by adopting more systematic cut- 
ting, following the lead of the eastern 
plantations. The seringueiro ’s method 
was at first employed as plantation prac- 
tice in Ceylon, but soon gave way to a 
more careful grooving. As a result of 
the original method, the boles of long- 
tapped trees on the Amazon present a 
very pathological condition, due to the 
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FlO. 14. A TUIN SECTION OF THE BARK 
MAGNIFIED. 


irregular growths taking place during 
the healing process. The modern method 
of carefully grooving the bark, avoiding 
the cambium, but going as deeply as pos- 
sible otherwise, and doing this evenly so 
that a smooth surface of young cortex is 
left, permits rapid and smooth healing. 
After allowing a sufficient period for this 
to be accomplished, the renewed bark is 
as smooth and healthy as the old (Pig. 
21). This method permits the process 
of tapping to be repeated again and 
again at intervals of about four years, 
which is occupied in traversing the bark 
from the original tapping cut to the end 
of the available bark, thus bringing the 
tapper back to the starting point. All 
that is required to effect this is to lay 
out the available tapping surface into 
areas beginning at a certain height on 
the tree and tapping downwards at a 
given rate, i.e,, a shaving about one twen- 
tieth of an inch in thickness removed at 
each tapping — one and one half to two 
inches a mont h being the allowance. The 
thickness of the shaving must be sufficient 
to open anew the latex tubes, at the cut 
ends of which the latex coagulates, with 
the effect of plugging them. The opera- 
tion must be done with no wounding, 
that is, without cutting through the 
cambium into the wood (Fig. 22). 

The routine of tapping is as follows: 
The coolie gets out into- the kchoen just 
before the break of day. As soon as it 
is light enough (daylight comes on 
apace in the tropics) he begins to tap, 
cutting the fresh shaving and placing 
the cup in position by means of some 
contrivance like a roiang (rattan) sliver 
(Fig. 2.‘1) or a wire cincture (Fig. .3), 
cleaning out the grooves and tin spout 
of “scrap'' rubber so that the latex will 
flow properly. This he (or she) contin- 
ues till the stunt, so far as tapping is 
concerned, is complete. The coolie then 
goes the round of the trees a second time 
with a milk can into which the latex is 
poured. This is now carried to a cen- 
tral point, where the latex is passed 
through a sieve to remove dirt. The 
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Fig. 15. Tangential section of the bark moke highi.y MAciNiPiKD siiowixc} the latex ves- 
sels ANASTOMOSING AND PASSING AROUND THE MEDULLARY RAYS. FlG. 1(). TRANSVERSE SE(!TION 
SIMILARLY MAGNIFIED. HERK (JAN BE SEEN A MEDULLARY RAY DEVOID OF RUBBER SEEN EUSE WHERE 
AS PAIRS OF VESSELS APPEARING DARK. FlO. 17. RaDIAL SECTION OF THE SAME. THE LATEX 
VESSELS ARE SEEN THROIRHI A THIN LAYER OF MEDULLARY RAY TISSUE. FlO. 18. TrANSVEIUSE 
SECTION OF THREE l.ATEX VViSSELS STILL MORE HIGHLY MAGNIFIED. FiG. 19. THE SAME IN 
LONGITUDINAL SEl'TION. HERE THE INDIVIDUAL CELI.S THE LATEX TUBE (LVN BE DIS-» 

TINGUISHED BY THE CONSTRICTIONS. 


method of handling the latex so as to 
jirociire marketable rubber which has 
had long vogue is to pour it into tanks, 
acetic acid being added and wooden par- 
titions being placed vertically at inter- 
vals so as to facilitate the removal of the 
coagulated rubber in slabs. These, on 
the following day, are passed Ihrougb 
mills to pn\ss out the serum and to work 
them up into ‘‘plantation crepe or 
sheets, which can then be hung to dry or 
be smoked, making “smoked sheet, “ an 
attempt to duplicate the original “up 
river fine'’ Para, which is prepared by 
the serin gueiro by coagulating the latex 
cupful by cupful, simply dripping it on a 
ball ipella) accumulated on a heavy 
stick or paddle, holding it meanwhile in 
a dense smoke of fire in which the nuts 
of the Attalea palm (preferably) arc 
burnt. This process makes a black, 
smoky smelling rubber, the qualities of 
which, difficult to duplicate, have been 
supposed to depend wholly on the 


method of coagulation, contrary to the 
fact. 

A new method and one which ])romises 
to be of increasing importance in the in- 
dustry is that of spraying, carried on 
und(*r pat (Hits obtained by Mr. Ernest 
Hopkinson, of the United States Rubber 
Comiiany. It is not generally known 
that the first experiment leading to the 
working out of the method in its per- 
f('cted state was done in the winter of 
1918-19 at the instance of Mr. Hopkin- 
son, with latex obtained in the New York 
Botanical Garden by the writer, and 
sprayed in a crude piece of ajiparatiis 
designed for the trial. The porfecled 
process consists in discharging the latex 
from a rotating horizontal disc at the 
top of a tower into which hot air is 
passed. The breaking up of the latex 
into minute droplets permits the rapid 
evaporation of the water, and the dried 
particles flocculate and fall to the floor 
of the tower like buflP-colorcd snow- 
flakes, whence the product is removed 
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FlO. 20 . COOLIKS TAPPING AND COLLECTING LATEX FROM TREES WHICH HAVE JUST ARRIVED AT 
THE TAPPABLE AGE. FlC. 21 . BOLE OF TREE WHICH HAS BEEN TAPPED ALL AROUND AND IS NOW 
BEING TAPPED FOR THE SECOND TIME. TiUS TREE FJCHIBITS NOItMAL, CLEAN RECOVFJiY FROM THE 

TAPPING. 


and compressed into suitable packages. 
It is to be noted that this method results 
in the formation of a coagulum contain- 
ing all the original solids o-f the latex, 
whereas the usual plantations product 
lacks whatever remains in the serum, 
and this is not a little. 

A word about the latex itself. This 
is a rather dense, usually white, milky 
fluid as it exudes from the tree, contain- 
ing about 30 per cent, rubber. When 
viewed microscopically it is seen to be 
composed of a colorless watery phase in 
which are suspended myriads of minute 
droplets (emulsoids) of rubber about one 
micron in diameter, intermingled with 
many more water-containing suspcnsoids 
of other substances, chiefly proteins 
(Fig. 25). It is therefo-re a complex 
emulsion of probably more than fifteen 
kinds of substances, in considerable de- 
gree resembling milk, if we substitute 
rubber for butter fat. In the living tis- 
sues of the tree where it occurs this emul- 
sion is normally stable, just as the blood 
in our veins is. If a wound is received, 
however, the oozing latex soon coagulates 


and forms a clot which seals the wound. 
In the older regions of the bark it coagu- 
lates, especially where the latex vessels 
have been broken up by the growth of 
stone cells. One of the conditions inci- 
dental to the diseased condition known 
as Brown Bast is the collection of masses 
of rubber in chinks in the bark. Char- 
acteristic of Ilevea latex is the occur- 
rence of rubber droplets which are pear 
shaped (Fig. 25). These are the largest 
of the droplets, and the shape indicates 
that they arc not pure rubber, but a mix- 
ture. The pear shape appears to arise 
from the adhesion of two droplets of dif- 
ferent sizes which are not miscible or are 
prevented from fusing by the interfer- 
ence of a third substance (a ‘‘ protec- 
tive colloid), which procures a condi- 
tion of low surface tension which stabil- 
izes the couple. It is uncertain whether 
these pear-shaped droplets are not 
merely stages in the combining of smaller 
droplets. A similar, if not altogether 
analogous condition is to be seen in the 
large droplets, oontaining rubber, in the 
latex of the banana. 
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Fig. 22. A tree which has been impropeki.y tapper and in consequence has dfaeloped a 

LARGE AMOUNT OF YOUNG TISSUE CONSISTING OP WOODY fcXCHESCKNIT.S. FiG. 23. OlOJilE RECORD- 
ING THE YIEIJ) OF THE TREE BY CUTTING MARKS ON THE BARK. 


Coagulation consists in bringing the The yield, that is, the amount of dry 
caoutchouc droplets into contact so that rubber jicr tree is, as may well be imag- 

this substance will now be a continuous ined, a matter of great moment to those 

phase (Fig. 26). To do this the protee- who have money invested in plantations 

tive action of the lyophile proteins must of rubber trees, since the cost of produc- 

be overcome, and this can be accom- tion is related inversely to this yield. By 

plislied by means of acids, alkalies liaving way of indicating the pos.sibilities of dif- 

Ihe opposite effect of stabilizing. The ferent trees in this regard I may mention 

high viscosity of the rubber is an effec- the performance of two out of a thou- 

tive factor in obstructing the natural sand carefully measured trees, compris- 

amalgamaticn of this substance into a ing an observation plot on the estates of 

continuous mass, so that milling is im- the U. S. Rubber Comiiany, Kisaran, 

perative to accomplish this rapidly, if Sumatra (Fig. 24). Tn a given month 

coagulation has proceeded in a tank, these two trees produced 14.5 and Oil 

After spraying, pressure alone may be grams of dry rubber, respectively. As- 

used. Of course, when the raw rubber suming one hundred trees to the acre, 

is used in manufacture it has again to the yield from a population of such poor 

be milled, but this matter goes beyond trees would be about thirty-five pounds, 
the present purpose. from the better two thousand two hun- 
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Fig, 24 . The actual coLLEunoxs of rubber from two trees showing the great difference 

IN YIELDING CAPACITY. FlO. 25. LATEX DHATTED AND VERY HIGHLY MAGNII'lED. THE PEAR- 
SHAPED AND ANNtILAlv FORMS ARE RUBBER DBf)PLETS ; THE MORE SOIJD SMALLER PARTICLES ARE 
PROBABLY PROTEINS. FlO. 20. COAGULATED RUBBER HIGHLY MAGNIFIED. TlIE BRIGHT POINTS 

ARE PllO'PEIN SUSPENSOIDS. 


dred pounds! An averai^e population 
produces three hundred pounds (or less) 
to six hundred pounds, acco-rdinj? to the 
circumstances of the soil, rainfall, etc., 
but a flat average of four hundred 
pounds would be considered very good. 
In view of the individual differences it 
soon became apparent that selection was 
indicated. As above said, the production 
of seed is of such a manner that it is 
extremely difficult to obtain seed pol- 
linated by a known male parent, though 
this has been accompli.shed in a meager 
way. Pending this achievement and the 
proving of the results thereby to be ob- 
tained. grafting methods have been em- 
ployed, using for scions the material de- 
rived from individual trees having high 
records of actual performance in the 
matter of yield (Fig. 23) and as good 
stocks as possible. 

For the purpose of selection it is im- 
perative to judge by yield alone (Fig. 
23), as it ha.s been found that there is 
no character, not even that of the num- 
ber of rows of latex vessels as above 
noted, which has a close enough eorrela- 


tion with yield to permit it to be used 
as a certain guide. It is of no little in- 
terest that the most persistent and rigor- 
ous use of scientific methods for this pur- 
pose, as also for the purpose of under- 
standing the rationale of the best prac- 
tice in tapping, soil management and 
other problems of growing rubber has 
been the work chiefly of the United 
States Rubber Company, although the 
British and Dutch Experiment Stations 
in the Far East had contributed a great 
deal to this end. With regard to yield 
alone it is not improbable that eight hun- 
dred to one thousand two hundred 
pounds of rubber per acre will be pro- 
duced as a result of selection. That we 
are well on our way to this goal is an 
achievement of science well vvorth reflect- 
ing upon. 

Note: The illustrations accompanying 
tlii.s article were taken — with obvious 
exceptions — on the U. S. Rubber Co. 
plantations, near Kisaran, Sumatra, east 
coast, all except figures 7-9, 12, 13, 20 
and 23 from negativo.s by the author. 
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PLANT GEOMETRY 


All plants and animals are con- 
structed cut of little buildinj? blocks of 
a very similar sort. Each block is a 
cell, wliic4, when fresh and living, con- 
sists of a tiny drop of jellied sap or 
juice enclosed in a thin-walled sac. Cut 
a thin slice of any vegetable or animal 
matter, put it under a microscope and 
you can see the individual cells. When 
free and separate they are round. 
When compr<‘ssed together in a mass 
they form various flat-sided figures, 
mostly of four, five or six sides. 

This suggests two questions. Why 
are the free cells round? What shape 
are the massed cells? 

The answer to both questions is the 
same. The cells in both cases take the 
shajie that will comprise the most sub- 
stance in the smallest space. It is an 
instance of Nature’s economy; an effort 
to make the cell-wall stuff go as far as 
possible. 

It is easy to see why cells are spherical 
whenever they can be. They take that 
shape for the same reason as a bubble or 
balloon, a pel)ble or a marble. You do 
not have to mold a soap bubble or a 
rubber ballon. You just blow it up and 
it takes the shape that will hold the gas 
or hot air with the least stretching of 
the enclosing film. Put a lot of irreg- 
ular fragments of marble into a barrel, 
attach the barrel to a w^ater wheel so 
it will be kept rolling. By and by you 
will find that all the pieces of rock, how- 
ever angular and knobby they may have 
been on the start, have been ground into 
the same form, a sphere. By rubbing 


against one another all their angles and 
prominences have been knocked off, and 
when you knock off all the corners and 
projections from anything you have a 
sphere. The pebbles and sand grains on 
a seashore luive been ground down by 
friction into the same shape, which is 
the form that includes • the largest 
amount of material with the smallest 
surface. 

But when you mass the cells you get 
a different and more difficult problem, 
one in fact that has been a puzzle for 
more than a hundred and fifty years. 
For when you pack together a lot of 
spheres, say shot or oranges in a box, 
you find that they do not fit together but 
leave waste space in between them. 
Each sphere, except those on the outside 
layer, is in touch with twelve others. 
You can sec this by putting a pea on 
the table top. You will find that it takes 
six others to form a ring around it. On 
top of the group you can .set three 
others, and of course three more could 
find place below it. If then you .should 
compress a bunch of spheres the twelve 
points of contact would become flat 
faces, and when all the empty space was 
squeezed out the interior spheres would 
all become twelve-sided figures. Buffon, 
the great French naturalist of the 
eighteenth century, tried this experi- 
ment by packing dry peas in a jar and 
then soaking them with water till they 
swelled tight together. Experiments 
with masses of bubbles confirmed this 
twelve-sided shape as an economical 
form. Of the twelve faces six are tri- 
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angles and six are hexagons. The 
honey-bee uses this form for its comb. 

But Lord Kelvin, the great English 
physicist of the nineteenth century, 
found that space could be filled com- 
pactly and with less sacrifice of the 
spherical form by a more* stable figure 
having fourteen sides instead of twelve. 
And now Dr. P. T. Lewis, of the Har- 
vard Medical School, after many years 
of study, finds that vegetable and animal 
cells generally tend to take this fourteen- 
sided figure. He has mapped and mea- 
sured with the microscope consecutive 
sections of various tissues, such as elder 
pith and human fat, and then con- 
structed large wax models of the cells 
that would account for the observed 
contacts. They are very irregular and 
differ in the number of their flat faces 
hecause they get distorted by the pres- 

LEARNING 

* * Come into my office and see my bee- 
hive,’’ said Professor Hover, of Ypsi- 
lanti Normal. 

^‘What do you have a beehive in your 
office for?” I asked. 

“So I can tell what the bees are doing 
all day long.” 

I protested: “Your bees are not ac- 
quainted with me. They may not like 
me at first sight. Sometimes bees 
don’t.” 

But he went on into the office and I 
cautiously followed. Thou I saw it was 
safe, for the bees had been provided 
with a private side entrance like those 
in apartment houses marked “For Ser- 
vants and Tradesmen.” In the window 
was a little hole leading to the hive 
wiiich was ingeniously balanced on a 
scale so that its weight was automati- 
cally recorded. The temperature, baro- 
metric pressure and percentage of sun- 
shine were recorded simultaneously. 
All these records were coi)ied by the 
students in comparative graphs on a 


sure of their selfi.sh neighbors, but can 
be best regarded as all derived from this 
fundamental fourteen-sided form. 

I say “fourteen-sided form” because 
I hate to use the proper geometrical 
term for it, the tetrakaidecahedron. 
But the figure itself is not so ungainly 
as its name as you will find if you cut 
one out of soap or mold it out of putty. 
Eight of its faces are hexagons and six 
arc squares. There are thirty-six edges 
where two faces intersect and twenty- 
four corners where three faces intersect. 
Such figures fit together as prettily as a 
Chinese puzzle, each in touch with four- 
teen neighbors. It is worth while get- 
ting acquainted with it since it is the 
pat fern approached by the twelve thou- 
sand million cells that constitute your 
skin, as well as incalculable myriads in- 
side of it. 

FROM BEES 

big chart covering one side of the class- 
room, so they could follow the move- 
ments of the bees and the changes of the 
weather from day to day and from 
month to month. And they had marked 
on the chart at points where the curve 
made a sudden jump such explanatory 
words as “white clover” or “alfalfa,” 
indicating the date of a spring opening 
or midsummer bargain day. This ex- 
periment, you understand, was a “rural 
nature study course,” one of those new- 
fangled “project” schemes that have 
made education so niueh harder than it 
was when I W’ent to school. For now 
they us(! books less and brains more. 
They study the thing they are studying, 
instead of merely reading about it, 
as w'e used to in the good old days. 

But it w’as moii* interesting to look 
at this chart than to read any book on 
the subject, even Maeterlinck’s “Life of 
the Bee,” or Dunsany’s play “The 
Plight of the Queen.” For the curve 
was a continuous census and balance of 
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trade. We could count the bees by the 
pound as they entered and left, and 
measure their exports and imports. 

On a sunny morning there is a drop 
in the weight of the hive of about two 
pounds between eight and eight-thirty. 
This means that some ten thousand bees 
have sallied forth on their first foraging 
expedition. A quarter or a third of the 
inhabitants of the hive have left for 
their distant field of labor. Soon they 
begin to return with their booty and the 
weight gradually gains five or six 
pounds during the day. 

But in the middle of the afternoon 
when the sun shines there is a sudden 
slight fall in the curve. This is due to 
the daily frolic of the debutantes. The 
young bees, some two thousand of them, 
go out for a trial flight. At first they 
keep close so as not to lose their way. 
heading in and hovering only a foot or 
two away from the door of the hive. 
After a half an hour of open air exer- 
cise they return to their domestic duties. 

Another series of daily drops in the 
spring is of more sinister significance, 
for there is no recovery in this curve. 
It is due to the death of the old bees. 
The first warm days tempt them out, 
but they have not strength to make the 
trip so they die in the i)ath of duty, 
five or six hundred a day. 


At sunset the bees return and the hive 
is at its heaviest, for during the night 
it loses continuously due to the evapora- 
tion of the water from the nectar. This 
contains about seventy per cent, mois- 
ture as the bees bring it in, and this 
percentage has to be reduced to about 
fifteen for honey. So the bees fan the 
surplus water away with their wings, 
sometimes getting rid of two pounds of 
it in the course of the night by their 
very vigorous and efficient ventilating 
system. 

One of the notches noticed on the 
chart remains a puzzle to me. About 
fifteen minutes before rain breaks the 
bees come homing to the hive. A pound 
and a half of them, over seven thousand 
bees, will pour into the hole in ten 
minutes, looking like a living funnel, a 
cyclone of insects, the swirling swarm 
getting thicker and narrower as the 
entrance is approached. Now, since this 
home run begins before the first rain- 
drops, how do the bees know it is com- 
ing? Is it the cooling of the air, the 
falling of the pressure or the shutting off 
of sunshine that warns them of the ap- 
proaching storm? Even the professor 
did not profess to know, but he hoped 
he might if he kept on studying his office 
hive. That is one of the advantages of 
this new-fangled method of education, 
even the professors learn something. 


AVIATION AND THE UNIVERSITY 

By Professor Alexander Klkmin 
Daniel Guggenheim School of Aeronautics, New York University 


Tirr. ])ioneers of the early days of avi- 
ation were generally men of an original, 
adventurous type of mind, po,sscssed of 
great native ability, but not of a formal 
scientific or engineering education. The 
Wright brothers themselves, while well- 
educated men, who conducted their ex- 
periments in a most systematic and scien- 
tific manner, did not owe their success to 


inspiration drawn from the professors 
oC a uniA^ersity or a technical school. 
For radical departures from the beaten 
track in engineering a burden of learn- 
ing may sometimes be a handicap. At 
any rate we have in mind the name of a 
famous astronomer, Simon Newcomb, 
who proved that aviation was impossible, 
and the sad case of a young Yale in- 
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structor in physics, Edson P. Gallaudot, 
who was told that his experiments with a 
very likely model oC an airplane, con- 
ducted approximately in 1893, might be 
the justifiable cause of his dismissal from 
the faculty. 

But when once the radical departure 
has been made, certain rudimentar)*^ 
principles established, the need for a<». 
curate S(‘icntiflc experimentation followi; 
immediately. The early pioneers tend to 
drop out of the ranks, and the burden of 
progress is carried on by more rigor- 
ously trained men. This is the case in 
aviation at any rate. 

As the body of infor*mation grows 
larger, formal instruction at the xuiivcr- 
sities becomes imperative. 

Thus in aviation, or more broadly 
speaking in aeronautics, many univoi’si- 
tics in Europe and three or four in the 
United States are now giving systematic 
courses of insti*uetion in aeronautical 
engineering. 

At the Daniel Guggenheim School of 
Aeronautics at New York University, 
brought into being by the manificent gift 
of $500,000 by Mr. Daniel (juggenhoim, 
students who have received a grounding 
in mathematics, mechanics and mechani- 
cal engineering apply themselves in their 
senior year to the systematic study of 
such subjects as aerodynamics, airplane 
design, structural analysis of aircraft, 
the dynamics of aircraft and related sub- 
jects. It is their privilege to work in the 
wind tunnel where small models placed 
at the throat of a giant Venturi provide 
accurate bases for the prediction of air- 
craft behavior in the air. The destruc- 
tion tests of wings, wing ribs and other 
structural parts providers the training in 
strength considerations as applied to air- 
craft which means so much to the safety 
of our pilots. Prom being the child of 
intuition of a few bold spirits, the air- 
plane has become the carefully calcu- 
lated and tested product of one of 
the most scientific and mathematical 


branches of engineering. Progress in 
aerodynamics at least is now most likely 
to come from careful research in the 
wind tunnel, with plenty of scope for 
teachers and postgraduate university 
students alike. 

There is, however, one aspect in the 
" training of aeronautical engineei*s 
which must not be neglected. And that 
is contact with reality, and in this in- 
stance flight itself. 

Poriunatcly aeronautical engineering 
is iidirnately connected with the problem 
of national defense. In the rapidly de- 
veloping air s(‘rvice, it is an advantage 
to have in the reserve personnel men 
who have had a formal ac'i’onautical en- 
gineering training. For the young aero- 
nautical engineer, it is a tremendous ad- 
vantage to be in contact with the duties 
of the air service officer, to carry out fly- 
ing missions, to learn that the airplane 
actually flies and is not merely a mathe- 
matical abstractio]). It would bo a soriy 
automobile produced by a man who had 
never sat behind a steering gear, and 
a wretched airplane designed by a man 
who had never felt a “joy-stick’* in his 
hands. 

The recent establishment by the War 
Depariment of an aviation unit at New 
York University serres a doubh^ purpose 
therefore, and is a matter of congratula- 
tion to university and air scuwice alike. 

In their freshman and sophomore 
years students follow the general system 
of instruction in the Reserve Offieei’s 
Training Corps. 1 f their merit warrants 
it, and the professor of military science 
approves, students may then enroll in 
the aviation unit. They receive some 
theoretical, but mainly practical, in- 
stiniction in airplane motors, airplane 
rigging, gunners, instruments, meteor- 
ology, aerial navigation and tactical ob- 
servation. Six weeks of the junior sum- 
mer session are spent in camp at a regu- 
lar army flying field. Under the super- 
vision of air-service officers, the cadets 
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MODEL OF AIRPLANE PEING TESTED IN THE WIND TDNNEI. 

WHKKE IT IS SU»JK(JTK1) TO KAPID (UUUENTS OF Alll AND WEIGJIED FOU ITS QUALITIES IN FLIGHT. 


uoiiduot reeonnaissaiipc, nrtilleiy adjust - 
niciit, infantry liaison and various otlier 
missions as Hying observers. At the su<*- 
eessful eoniplelion of this eourse, the 
young men are eligible for eommission 
as seeond lieutenants in the air service 
and can then continue their training as 
flight office’s. 


The plan is but another instance of tlie 
useful cooperation which may exist be- 
tween the univei’sity and the instru- 
ments of our national defense, and a par- 
ticularly important instance because avi- 
ation bids lair to surpass even the other 
arms in utility. 


THE PROFESSOR OF GEOLOGY CITES AN INSTANCE 

By Gilbert Oakley Ward 

His Dam«, naid tho professor, rail it Hehultz. 

He came of what you’d call intclligeut stock. 

Father, a preacher (evangelical ) ; 

Himself, a keen and conscjientions student. 

More curious, I found him that rare bird, 

A born Hold naturalist. One day in class 
I passed about tho tooth of a dinicthys. 

What does ho do but clap it on his notebook 
And trace an outline. ^Twas a little thing. 

But not another man had wit enough 
To think of it. 
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But rooks and fossils offered 
Too small a scope for his inquisitive mind. 

Still driven by his instinct to tho field, 

He added to his course, zoolofi^y. 

Brought to it all the penetrating oye. 

The hunger for detail, the sense of order 
That marked him of the elect. 

So, for four years 

He studied Genesis engraved in rock, 

Qroimd over modem texts and living species, 

Exposed himself to all their implications, 

Rubbed against fellows doing real research, 

And breathed tho latest biological thought, 

As you might say. 

Well, sirl I told the boys 
To buy a certain book on evolution 
(This happened, mind you, in his senior year!) 

And Schultz right then and there w^nlked out and quit; 
Declared he took no stock in evolution I 
Exactly so! Laid back his ears and balked 
Just like a mule. 


A few days after this 
Wo met one morning in a corridor 
And stopped to chat a moment. Apropos, 
Ho spoke of evolution and observed, 

^*No modern sciontist takes seriously 
The evolution theory. And I — 

I was too dumb struck even to ask him how 
Ho got that way. 


I M give a deal to know. 
I'vo sometimes wondeied if a fear complex 
Buried down deep, a sort of mental sieve 
Woven perhaps of daik si'ctaiian crotchets, 
Scioened out unwelcome, non -conforming facts. 

No, sir! I feel it isn’t ignorance 
A college often wrestles with to day, 

Ho much as a type of mind. . . . 
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CUICUILCO AND THE ARCHAIC CULTURE OF 

MEXICO 

By BYRON CUMMINGS 

TUCSON, ARIZONA 


In April, 1922, the writer, in company 
with Dr. Manuel Gamio, then director of 
anthropology in the Mexican govern- 
ment, visited a hill near San Fernando 
in the Federal District of Mexico whicli 
is surrounded by a lava flow known as 
the “Pedregal/^ There were some slight 
indications that the hill was not natural 
but was a ruin so old that time had 
obliterated all trace of its existence ex- 
cept this pile of rock covered with trees 
and overgrown with grass and brush. 
But here was a mound up whose sides 
had crept waves of black flinty lava that 


held the hill in a vice-like grip and 
sealed everything beneath from curious 
eyes. If it should prove to conceal a 
ruin, we had something here that might 
throw much light on the archaic culture 
of the Valley of Mexico. The venture 
appealed to the writer, and Dr. Oamio 
gladly assented to the request for per- 
mission to excavate there. The Mexican 
government furnished some men and the 
work started. Nine months were spent 
there through cooperation between the 
Mexican government and the University 
of Arizona. In July, 1924, the work 
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UNCOVERING THE SOUTHEASTERN SLOPE. 


was resumed under the auspices of tlie It was built like a great circular ram- 
National Geographic Society, the Mexi- pari of loo.so rock, with a central tilling 
can government and the University of of clay and sand. This stone rampart is 
Arizona and continued until September, 70 feet wide on top and covers almost 
1925. the entire area on the bottom. It is 

The mound proved to be an old temple built of irregular chunks of lava thrown 
built in the form of a truncated cone, together and the holes filled with smaller 
with a diameter at the base of 387 feet, pieces. The outer surface wall ?onsists 
and at the platform of 291 feet, and a of largo chunks of lava fitted together 
height of 74 feet. A cone of rock erected with some care at an incline of an aver- 
on this platform raised the total height age of forty-five degrees. The inner 
to approximately 90 feet. The base lies ends arc bedded in smaller pieces of lava 
buried beneath from 25 to 33 feet of and the wall thus rendered quite com- 
clay, rock and lava, and the original top pact and solid ; but none of the stone 
platform is covered with 18 feet of ac- has been surfaced in any way and there 
cumulated sand and clay and of clay and is no mortar or filling material of any 
rock of later construction. kind, except the small stone. In the rock 
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PROBABIjE CONSTBIICTION. 



UNOOVEBING THE TOP OF THE TEMPLE. 
SHOWING CBOMLECS 8UBKOUNHING 


portion of the top pUitform, the cracks 
and holes were tilled with small stone 
and then the whole covered with a layer 
of clay that had been packed down by 
the tread of many feet. 

Extending away from the structure 
tw’o degrees north of cast was an inclined 
causeway 86 feet wide. The rock till 
behind the northern wall is 28 feet wide 
and behind the southern wall 16 feet 
with a central filling of clay 42 feet 
wide. This ascending causeway led from 
the -surrounding plain to the bottom of a 
low incline ma<lc of huge boulders that 
led to the original platform. This 
boulder incline has a width of 33 feet 
and a height of 271/2 and Ihis is the 
only approach to a staimay found in 
the entire stnicture. It requires very 
little imagination for one to see a gaily 
<lccoratcd procession of ancient tribal 
priests slowly mounting that long incline 
and stepping from boulder to boulder 
up that last ascent to the great dancing 
place on top. Here they formed ami 
faced the east to catch the first rays of 
the Sun Father, as he sent his reju- 
venating light and heat upon the haunts 
of men. Can you not hear their glad 
ac<*laims as they move in joyous harmony 
to their turn, turn ! turn, turn! and chant 
their prayer of welcoming thanksgiving 
to their All-Father! 

From the western side extended 
slightly to the south of direct west an- 
other inclined plane leading from the 
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THK KASTERN SI.OPE DELOW THE LAVA. 


top plat form out some 150 feet from tlie vent the uiulermining of tlieir basivs and 
base of the temple. This grand ap- the sweeping away of the great ap- 
proach was 45 feet wide. The sustain- f)roaehes. 

ing wall with its iwk fill behind it on After the original temple had been 
the south side was 8 feet and on the used for some time, a later chief desir- 
north side 6i/j feet, leaving a clay fill of ing to make a better impression upon 
301,5 feet. On the north side of both the the gods and demonstrate to his people 
eastern and western apj) roaches the the superior power and favor he was re- 
eauseways have been widened by the a<l- eeiving direct from heaven, enlarged the 
dit ion on the western side by three walls, earlier structure by building a wall 10 
respectively 12, 14 and 6 feet in thick- feet thick at the base and 6 feet thick at 
ness, and on the eastern side by two the top outside the original surface. The 
walls (-ach 6I/2 feet thick. It would seem to|) of the first wall had been injured 
that the great force of inundations and somewhat and fallen into ruin as evi- 
lloods Innl swept in from the northeni denced hy the repair work that had been 
side and necessitated the reenforcing of done along the upper edge of the first 
these projecting northern walls to lire- structure. These walls were carried a 
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little higher also and the platform corre- 
spondingly raised by filling the central 
section with earth. At the center of the 
original platfonn was a raised altar 
made of hard packed clay that had been 
painted a deep red. When the temple 
was enlarged and the i)latfonn raised, 
another altar was made directly above 
the first and painted red in a similar 
manner. 

Some later big high priest and chief, 
not to be outdone by Ins predecessors, 
enlarged the temple again by another 
outside wall averaging about the same 
thickness as the first enlargement, 
namely: 10 feet at the base and 6 feet 
at tlu' top. The platform was again 
raised and a new altar built. Thus gen- 
eration succeeded generation and cen- 
tury followed century and still the old 
temple reared its groat dancing place 
above the surrounding plain, the tribes 



SECTION OF TilE SUUFA(^E WALLS 
WHERE EASTERN ENTRANCE JOINED 
THE MAIN TEMPLE. 


4i, 



THE EASTERN SLOPE OF THE TEMPLE, 
SJIOWINO CROMLICS SURROUNDING 
BASE. 


still gathered there to try and ward off 
the evil and win the favor of the spirits 
that bring life and health and peace. 
All was color, joy and abundance. The 
Eaiih Mother responded to their peti- 
tions find their industry and smiled upon 
them with her bounty. But one day the 
Fire God became restless and the moun- 
tains round about ghamed with livid 
red and the Wind St)iiit wafted thick 
clouds over the sacred temple of the 
J^un, and Cuicuileo became covered with 
layer upon layer of pumice, sand and 
ashes. Dense rains followed that washed 
this light material down h(‘r slopes and 
packed it around her base. In ])laces 
the water cut for itself channels along 
the surface of the walls and waslu'd fine 
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A HOR8E-SHOE-S11APEJ) ALTAR LVING HENEATI[ THE DJRT (mERINU OF THE 

TOP OF CUICUJI.CO. 


sediment into the interior of the struc- 
ture. That the structure must have been 
flooded for a time is evidenced by the 
fact that it is filled with fine water- 
washiKl sediment to an average depth of 
6 fe(‘t. 

At some time duriiij^ this period the 
wa1(*i*s subsided, the j)eoplc were able 
to return to the locality, repair their 
temple and reestablish the woi*ship oC 
the gods. They did not undertake to 
clear away the volcanic material that 
covered the top but built a sustaining 
wall around the slope about 30 feel from 
the edge of the old platform and filled 
in the space behind, levelling it off for 
a dancing place in their ceremonials. In 
the center was raised anoth(*r altar di- 
rectly above those of their ancestors. 
Three other platforms were uncovered 
at different levels above Ibis last one, 
showing that the surface was filled in 
from time to time and the sustaining 


wall carried higher and higher as the 
filling material demanded. There must 
iiave been a succession of volcanic erup- 
tions that buried tlie altars and covered 
the surrounding i)latform. The first 
four of these altai’s were of clay i)ainted 
red while the fifth was of water-worn 
bouldei*s 22 feet long and 9 feet wide. 
The eastern half was feet higli and 
shaped like a horseshoe. This altar 
rested upon a circular platform 68 feet 
in diameter made of large chunks of lava 
b<'dded in clay and sand. Four feet 
above this rock altar can be ti'accd a 
clay floor upon which rests a foot of fine 
])umice covered wdlh a thin stratum of 
black volcanic ash that must represent 
the surface level at the time of the erup- 
tion of Xitli and the flow of the ‘‘Ped- 
regal ' ' lava. Overlying this are eighteen 
inches of surface loam. 

On this last and highest floor level 
tliere is no (*cntral altar, but slightly to 
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the southwest of the center rose a cone 
of lava rock and eailh about 15 feet 
hif^h. This must have been crowned by 
some sort of a wooden stinieture as old 
l)Ostho]es were encountered in which had 
once stood quite larf^^e round timbers. 
This cone, with its wooden superstruc- 
ture, must have taken the place of the 
cejitral altar and must have been tlie 
e(»ntcr of the ceremonials celebrated on 
this sf)ot by the last people who used the 
ancient t(‘in[)le. 

These six ])latfoims and their sur- 
rounding ])avements superimposed at 
dilTereiit lev(*Is through a depth of 18 
feet demonstrate the long period of time 
through whicli men and women were ac- 
customed to gather in this spot to ap- 
))ease the wrath of the gods and win 
their cooperation. And in the entire 
stnicture, even in the cone of rock sur- 
rounding the last pavement, no lava of 
the Pedregal period appeal's. The build- 
ers of this temple through its various 


stages of enlargement and repair all 
lived, built, worshipped and passed away 
before Xitli sent out its baptism of fire, 
followed by the great flood of seething, 
blistering lava that crept down the 
mountain slopes and out over the plain, 
burning everytliing to a crisp in its 
wake and surrounding the ancient tem- 
])le of Cuieuilco, driving its worship- 
pers before its scorching breath to seek 
safety in some part of the valley not 
cursed by the Fire God. 

Above the base had accumulated from 
15 to 19 feet of clay, sand and rocks 
before the lava flow occurred. This 
material was quite well stratified, con- 
sisting at the base of a layer of varying 
depths of fine sand and clay packed so 
hard that it could be removed only with 
a good sharp ])ick and plenty of muscle. 
Above this lay a stratum of rock that 
had tumble<l down from the walls above 
with which was mingled soil containing 
organic material. In this stratum were 
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found broken pottery, clay figurines and 
crude stone inplcments. Above tliis is 
spread from 3 to 4 feet of fine yellow 
pumice, clay and sand similar to the 
covering found on top. In this are 
found no human artifacis. An occa- 
sional chip of obsidian is the only thing 
that indicates the possible pix'scncc of 
man; but these even could be flakes 
broken off by nature. Overlying this is 
another stratum of rock and organic soil, 
which contains human artifacts in the 
shape of pottery, clay figurines and stone 
implements. These in time were coveml 
with a stratum of yellow clay and sand 2 
to 4 feet thick, of quite even consistency. 
Resting upon this is a layer of organic 
soil and rock that plainly was a surface 
level occupied by man for a long tim(‘. 
This is covered with a few inches of black 
volcanic sand, ashes and carbonized 
mateiial, over which spreads the Ijiva of 
the Pedregal. The lava sheet that ere])t 
in around the structure is from 5 to 20 
feet in thickness and plainly poured over 
the plain in three successive flows. Hut 
fortunately the teinifle was so com])letely 


covered with earth and rock that the 
lava nowhere came in contact with the 
walls of the structure. About Cuicuilco 
above tin; edge of the lava and the car- 
bonized stratum of that i)eriod lie on an 
average 21A feet of surface soil in which 
are found some fragments of Toltec and 
Aztec pottery, and numerous obsidian 
blades struck from a core in lojig cuiwing 
Hak(‘s. 

Human remains wen* encountered in 
all these four h*v(‘ls, but all badly de- 
cayed and badly ciushed. A f<*w have 
been sufficiently prose rv(‘d to jinlge their 
general physical characteristics. Their 
crania anj dolicocephalic, of natural de- 
velopment with a strong imderjaw, 
rather mark(‘d prognathism, strong su- 
praorbital ridges, a low receding fore- 
head and a high medial crest. They are 
quite similar to the crania of th<* cave 
people and the earliest pueblo ])eople of 
A rizona. 

The pottery of the lowest stratum is 
monochrome, either in natural reddish 
brown color of the clay or painted a biil- 
liant red. All are well ])olished and well 
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FTGUBINE T\"PES FOUMJ) 0 TO 8 FEET BELOW THE LAVA. 


shaped. The fij^urines are small, stiff 
and ere(*t in ])osition, with a j-oeedinj^ 
forehead and a high erestcd head. The 
]>roininent nose and the receding fore- 
head suggest tlie ]\Iayan type of later 
dale. The hair is represented as long 
and arranged in various elalmrate brai<ls 
and rolls and falls over the shoulders 
and down the baek. 

In the second stralum at an average 
of about () feet above the base similar 
pottery is encountered but of more 
varied form and a little attempt at deco- 
ration is seen in the grooved necks of 
some ollas. The brilliant red has nearly 
disa]>peared and there is a greater pre- 
ponderance of reddish yellow and dark 
brown. The figures are much better 
shaped and finished. The features are 
much better fomed but arc still <‘on- 
ventional and the headdress consists of 
numerous fillets intertwined with the 


hair. A considerable variety of ])Osition 
is found and tlie seated figures with 
crossed legs wen* introduced. 

The stratum occupying the first two 
feet below the lava contains many human 
aiTi facts and remains. The population 
occu])ying the surrounding plain must 
have been numerous, but their culture 
was crude. The pottery was mostly thick 
black and reddish brown in cazuclas, 
.shallow bowls and cups. The surface is 
fai]’ly well smoothed but is irregular and 
unpolished. Some enule pieces have a 
d(*coration consisting of a band or rope 
of clay overlaid upon the surface and 
arranged in a wave line or indented ^vilh 
the thumb. The figurines are fiat and 
s(juatty with crudely molded features 
and a turban-like headdress. The eyes 
and month are made by sticking strips 
of clay on the face, and the former are 
often .set oblicjuely. Some of the figures 
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have the seated pose similar to the char- 
acteristic pose of Buddha. This culture 
could not have been an outgrowth from 
either of those already mentioned as the 
earliest. It was the attainment of a 
cruder people who after the second great 
covering of Cuicuilco came into the 
region and took possession of the land. 
They very likely were a more barbaric 
people from some remote section of the 
wooded mountains who moved down into 
the plain after the earth became quiet 
and sought to maintain themselves in the 
more fertile plains. 

Thus three quite distinct periods of 
archaic culture are manifest beneath the 
lava of the Pedregal in the the Valley 
of Mexico. The first and the second 
periods show superior workmanship in 
pottery and figurines to that encountered 
in the third or latest. The first and 
earliest presents characteristics in pot- 


tery and figurines different from any 
artifacts hitherto encountered in the re- 
mains of the archaic age uncovered at 
San Angel and other places in Mexico. 

If the lava flow occurred at least two 
thousand years ago as attested by three 
most eminent geologists, Tempest Ander- 
son, of England, Karl Vittich, of Ger- 
many, and N. M. Darton, of the U. S. 
Geological Survey, then the geological 
and cultural stratification of the deposits 
lying between the base of Cuicuilco and 
the lava indicate the lapse of a much 
longer period of time between the build- 
ing of the temple, Cuicuilco, and the 
eruption of Xitli and the fonnation of 
the Pedregal. Eight thousand years is 
a very conservative estimate of the time 
that has elapsed since the primitive 
peo])le toiled up the slopes of Cuicuilco 
and reared a mighty temple to their 
gods. 
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THE DUTY OF ASKING QUESTIONS AND THE 
PRIVILEGE OF DRAWING PICTURES 


By Profeitor H. F. MOORB 

tJtnvntsm or iuiIMOjb 


Wisemo to follow the best American 
traditions, the writer will begin this 
paper by telling a story. Following the 
most dignified traditions, the story is an 
old story. The writer thinks that it is a 
good story. 

The small boy with the cherub face 
gases up into his mother’s eyes. 
’’Mother,” he says, “what does Qod look 
liket” ’’Hush, dear, you must not ask 
such irreverent questions.” Follows a 
silence so prolonged that mother becomes 
anxious — a glance shows that the cherub 
is busy with pencil and paper. ’’What 
are you doing, deart” “Drawing a 
picture of God.” “But, dear child, no 
one knows what God looks like.” “They 
will when I finish this picture.” 

Let us consider the above story from 
the viewpoint of the research worker in 
science, let us consider it under three 
headings: (1) The tendency of the small 
boy to ask questions, difficult questions, 
questions luuettling to many fond pre- 
conceptions; (2) the reaction of the 
mother toward such questions, a reac- 
tion in which every one of us has taken 
part many times — sometimes at the 
sending end, and sometimes at the re- 
ceiving end; (3) the tendency of the 
small boy to create a concept which shall 
answer his own question— an attempt 
made with very inadequate preparation 
and with poorly developed technique. 

Taking up the first division of our 
subject, the writer wishes to advance the 
thesis that in asking what God looked 
like the small boy was following a course 
of action which is eminently praise- 
worthy, always for investigators in 
“pure” science, nearly always for work- 
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era in “applied” science, and frequently 
for literary men, musicians and paint- 
ers. It is, the writer holds, the bounden 
duty of the searcher to search, and to 
search with especial diligence in the 
places where he is vigorously assured 
that the object of search can not be 
found or where former search has been 
in vain. 

For any one engaged in any kind of 
scientific research the constant attitude 
of questioning is so much a matter of 
course that it seems almost as strange 
to speak of the duty of asking questions 
as it would be to speak of the duty of 
eating. But to the devout soul who finds 
worship easier and more satisfactory 
than investigation the duty of asking 
questions is by no means clear. When 
we speak of there being no conflict be- 
tween science and religion we must bear 
in mind that when considering his pro- 
fessional field of work, and during office 
hours, the effective research worker 
shows only the minutest traces of child- 
like faith in any revelation or authority. 
He questions the statements which the 
text-books call laws. He is not afraid to 
ask, “Are Newton’s laws of motion 
really true, or must we regard them as 
good working approximations for terres- 
trial medianicst” He squarely faces 
the query, “Is there a qualitative dif- 
ference between the intellectual life of 
man and the intellectual life of other 
beings having animal life, or is the dif- 
ference merely quantitative t” He does 
not shrink from or sidestep the question, 
“Is there any evidence of observable 
phenomena tending to prove the exist- 
ence of individual life after physical 
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So the elastician draws a picture of 
the behavior of metals from the view- 
point of their minute changes of form 
under pushes, pulls, bending or twist- 
ing; the engineer draws a picture of the 
behavior of metals from the viewpoint of 
their resistance to being pulled in two, 
or crushed, or sheared off, and the metal- 
lurgist draws a picture from the view- 
point of the crystalline architecture of 
the metal, and the pictures are decidedly 
different. Yet each is a serviceable pic- 
ture of some phase of the behavior of 
metals; none of the three pictures is a 
complete picture of the behavior of the 
metals, and none of them can be charac- 
terized as ‘‘untrue.’’ 

Will the reader step aside from the 
path a moment and in imagination take 
a view of four pictures of “patriotism” 
painted, respectively, by General Persh- 
ing, Jane Addams, Herbert Hoover and 
Calvin Coolidge? 

To persons who have been accustomed 
to getting ideas of what scientists think 
from popular writings about scientists 
and scientific work the thesis that scien- 
tific theories are merely pictures must 
sound like nonsense. Do we not hear 
how Dr. Jones has “absolutely proved” 
the correctness of this theory and that 
Professor Brown has “completely de- 
molished” that hypothesis? Are we not 
assured again and again that science 
rests on a basis of proved fact, proved by 
experiment? In the recent anthropoid 
carnival at Dayton, Tennessee, were we 
not told that unless he had a basis of 
proved fact the scientist must not cry 
aloud nor let his voice be heard in the 
streets, but must leave the classroom and 
the lecture platform to the less fettered 
preacher and lawyer. 

As representative of the views of sci- 
entists themselves the writer wishes to 
present a translation of a paragraph in 
a little book, “L ’Unite de la Science,” 
by M, Leclcrc du Sablon. The para- 
graph occurs in a chapter on the princi- 


ple of causality, in which the author, who 
is professor of botany in the University 
of Toulouse, is discussing the basis for 
the principle which is fundamental to all 
other scientific theories and laws — the 
principle which states that there are 
causes and effects. 

The principle of causality, like other princi- 
ples, is a concept of our mind, suggested by 
experience, but going beyond the data of ex- 
perience. We conceive that the same causes 
bring about the same effects, although we have 
never seen two phenomena exactly alike. We 
believe in determinism in the realm of physical 
and biological phenomena, although there has 
been given only an approximate verification of 
that proposition for a limited number of cases. 
When we observe a happening whoso cause 
escapes our observation we prefer to acknowl- 
edge our ignorance and our inability to discover 
the cause rather than to admit that there may 
bo eifects without causes and phenomena en- 
tirely independent of laws. 

The assumption of cause and effect fits 
in well with nearly all the happenings 
we observe from day to day-— at least 
with the happenings in the world of 
material things; the assumption enables 
us to think, and rather than passing time 
idly watching the clock of life we “pre- 
fer” an occasional attempt to “see the 
wheels go round. ’ ’ 

Now if the very existence of cause and 
effect is an assumption which we accept 
because we “prefer” it to other assump- 
tions, is it not reasonable enough to re- 
gard all postulates, hypotheses, theories 
and laws not as statements based on 
“proved fact” but as pictures which 
represent clearly and fairly accurately 
the happenings which experienced ob- 
servers have witnessed? When a new 
picture is presented for our inspection 
we ask not is it “true” or “false” but 
“Is the new picture a better picture than 
the old pictures of the same thing?” 
“Is it more beautiful?” “Is it more 
accurate in its draftsmanship?” We do 
not expect the old pictures to be tom 
down at once from the walls of the scien- 
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tific picture galleries, but rather that for 
a while both the new and the old pic- 
tures shall hang on the walls until the 
scientist has decided which picture he 
prefers. 

For something like two and a quarter 
centuries every student of mechanics had 
one and only one picture hung on the 
walls of his mental workshop; the pic- 
ture of masses and accelerations painted 
by Isaac Newton in the ‘‘Principia.’’ 
Then came questioners — Michclson and 
Morley and others, who began to ask if 
Newton's picture really did represent 
masses and accelerations or whether it 
was a vivid but inaccurate cartoon. 
Then came Einstein with another picture 
for the student of dynamics to hang on 
his workshop walls. But the Newton 
picture is not tom down. In fact, for 
engineers and most earthly mortals it is 
still the picture we look at. The masses 
and accelerations we have to work witli 
do fit with the Newton picture very well 
indeed. The student of atomic behavior 
and the astronomer may have to hang 
the new picture on their walls, but the 
writer ventures to predict that it will be 
a long time before the Newtonian pic- 
ture is torn down. 

But before it is hastily concluded that 
we arc to approve the attempt of our 
small boy to draw a picture of God let 
us consider one danger which is always 
present for the drawer of pictures. 
Polks do not worship questions; they are 
very apt to worship pictures. The giver 
of the ten commandments clearly recog- 
nized this danger and sternly forbade 
attempts to make pictures of God on the 
ground that one is very likely to fall 
down and worship the picture he has 
made. 

Idolatry is by no means absent from 
the world of science. One of the com- 
monest forms of scientific idolatry is 
formula worship. A scientist, either a 
pure scientist or an applied scientist, 
starts to develop a hypothesis. He finds 
it convenient to borrow a set of tools 


from his cousin the mathematician. 
Now there is no more fascinating em- 
ployment than playing with mathemati- 
cal tools — note I say playing with mathe- 
matical tools, which does not necessarily 
imply becoming a mathematician; and 
the beautiful regularity of the picture 
carved out by the mathematical tools 
makes the scientist forget what lie was 
drawing a picture of and declare not 
that he has drawn a picture, but that he 
is telling the whole truth and nothing 
but the truth about his subject of re- 
search. Take, for example, the theory of 
elasticity, a beautiful picture, a most 
useful picture, a picture drawn by artists 
of marvelous technical skill. It does not 
tell the whole truth about the elasticity 
of actual materials because actual mate- 
rials do not have the perfect homogeneity 
and the indefinite divisibility which are 
assumed for materials in the picture. 
For most cases the picture may be re- 
garded as of sufficient accuracy for use, 
but it is not by any means inerrant, nor 
is it the complete expression of the truth 
about the elastic behavior of materials. 
Yet many an engineer worships unques- 
tioningly the theory of elasticity. 

The writer has chosen as an example 
of scientific idolatry terrestrial mechan- 
ics, a science which has been singularly 
free from passion and emotion in its 
development (in sharp contrast to celes- 
tial mechanics) . If we consider the his- 
tory of astronomy or biology we shall 
find that in those fields picture worship 
has roused storms of passion. How easy 
it is for a biologist to become a propa- 
gandist for the theory of evolution — as 
he interprets that theory — and how very 
easy indeed is it for an emotional Bible 
worshipper to become a propagandist 
against evolution — as he sees it. The 
marvel is that the great bulk of biolo- 
gists and preachers have not become 
seriously entangled in the current tour- 
nament of slogans and mud slinging 
about evolution. 
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The writer's objection to idolatry are 
two in number: first idolatry leads to 
propaganda and undignified quarrels. 
The spirit of search and questioning 
makes a man humble, the spirit of idola- 
try makes a man cocksure and filled with 
a desire to impose his surencss on his 
neighbor. The writer does not like 
either propaganda or undignified quar- 
rels — there is a fascination in a fight, 
but it is a devilish fascination. The 
second objection to scientific idolatry is 
more serious. Scientific idolatry shuts 
off questions and discourages or forbids 
the drawing of new pictures. 

In view of the ease with which folks 
come to worship pictures, especially pic- 
tures which they themselves have drawn, 
the writer is not at all sure that our 
little boy was justified in trying to draw 
a picture of Ood. The drawing of pic- 
tures is not a duty, nor even an inherent 
right, but a privilege to be won. There 
is no intention of offering suggestions 
for the organization of a license board 
from which would-be scientific theorists 
might receive leave to carry on their 
trade. However, before a scientist 
should essay to draw pictures of his 
science — or at least before he essays to 
exhibit such pictures — he should have 
some training in draftsmanship, and he 
certainly should have training in obser- 
vation so that he can distinguish the high 
lights and the deep shadows in the thing 
he is trying to draw. There is no more 
effective way of drawing a false picture 
or of making a misleading hypothesis 
than the insistence on equal emphasis for 
important and unimportant details. 
Frequently a flat characterless photo- 
graph is far less true as a picture than 
a sketchy cartoon. 

On the ground of ability to evaluate 
emphasis and on the ground of drafting 
ability I fear we must withhold approval 
of the attempt of our small boy to draw 
a picture of God. 


Now the writer wishes to maintain 
that the would-be drawer of scientific 
pictures should have the ability and the 
willingness to look at his world from 
more than one viewpoint. He recom- 
mends to all such the rereading of Saxe's 
satirical ditty on the six blind men of 
Hindustan who went to see the elephant, 
and who as the result of their several 
observations were firmly convinced that 
the elephant was like (1) a wall, (2) a 
snake, (3) a fan, (4) a rope, (5) a tree 
and (6) a spear; and how ‘Hhese men of 
Hindustan disputed loud and long . . . 
though each was partly in the right and 
all were in the wrong." The painter of 
pictures will finally choose one viewpoint 
for his picture, but he does so only after 
he has recognized that there are other 
viewpoints and he looked at things from 
them. Moreover, he does not think of 
his selected viewpoint as "right" against 
the other "wrong" viewpoints. He 
thinks of it as better serving his purpose. 

But let us listen to the objectors to 
the multi-viewpoint requirement. In 
that group we see the philosopher of 
mechanics, Ernst Mach, who already has 
spoken to us, and who speaks of 

That ideal of a monintio view of the world, 
which is alone compatible with the economy of 
a sound mind. 

And he voices the feeling of many a 
trained scientific worker and of some 
disciples of idealism that the considering 
of many viewpoints leads to a hazy, 
lazy, vague mysticism and that the 
maker of scientific hypotheses should 
take only one viewpoint. 

Is a monistic concept of the world pos- 
sible at the present time? Can it be 
made a clear concept? Is it a desirable 
concept ? On the first of these questions 
the writer would vote in the affirmative, 
but he would swing to the negative side 
on the second and third questions. In 
an attempt to justify his vote he asks 
you to look at two pictures hung on the 
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walls of the International Gallery of 
Hypotheses and Theories, One picture 
is labeled ‘‘determinism’* and shows the 
world as a toy electric train running 
round a circular track in a Christmas 
toyshop window. The men and women 
in the train are little tin images, and act- 
ing in response to imposed accelerations 
they make certain determined move- 
ments. The motive power is entirely 
outside the picture, and the train goes 
round and round and round and round. 
The picture shows spectators (large tin 
images, says the painter) who seem to be 
talking vigorously, doubtless declaring 
that on the hundredth circuit the speed 
of the train is less than on the first and 
computing when the train will stop. 

And this, says the painter of the de- 
terminism picture, is a picture of ils. 
We are the little tin passengers, and wc 
move and love and hate and eat and be- 
get and joke only as imposed accelera- 
tions reach us, and then we act according 
to a fixed, imposed plan. 

But the painter of the determinism 
picture has not given an altogether con- 
vincing picture. Our attention drifts 
toward the folks looking in through the 
toyshop window, and though our deter- 
minist painter says they are merely 
larger images, yet it seems a very evi- 
dent fact that each one of them can 
choose whether to stand looking in at the 
window or to go home to supper and that 
probably some of them can choose to go 
into the store and buy the train. The 
painter* himself has come up as we are 
looking at his picture and he says that 
choice is all illusion, and makes a rapid 
pencil sketch to show how really the ap- 
parent choice is an effect from a prede- 
termined arrangement of atoms into 
foreordained patterns. There are mil- 
lions of billions of atoms involved; he 
indicates these with some heavy shading. 
We can not say his picture is false, but 
it certainly is complicated and foggy, it 
arouses in some of our minds about the 


same degree of enthusiasm as did the 
famous futurist picture of the nude de- 
scending a stairway, in which it was very 
difficult to tell the nude from the stair- 
way. We are not convinced and move 
over to view the other picture. 

The second picture is labeled “Pur- 
posivencss,” and the painter, a keen, 
confident man, immaculately dressed, 
stands beside it. This picture also pur- 
ports to be a complete picture of the 
world. It shows a tall stern-faced man 
pointing with unshaking index finger 
towards a point due west where a very 
steep mountain towers into the air with 
a remarkably snaky path winding up its 
side along which a few pilgrims are toil- 
ing. There is a wild torrent which 
crosses the path at frequent intervals. It 
is a very “live** picture. One can al- 
most hear the crisp slogans from the lips 
of the stern-faced man, “Go forth and 
conquer,” “He who will, can.” “Others 
have achieved, why not yout” and we 
begin to feel that here is the real monis- 
tic concept of the world until a humble 
individual with a slide rule asks for an 
estimate of the coefficient of friction 
between sole leather and the surface of 
the winding pathway, and about the 
nature of the bed of the raging torrent 
which must be crossed many times before 
reaching the summit. The painter re- 
plies in a ringing baritone voice, “The 
human will can overcome all obstacles,” 
but the man with the slide rule shoves it 
in and out like a small trombone and 
shakes his head. 

No, the second picture is not convinc- 
ing, either. Any one could climb the hill 
for a greater or less distance, but there 
arc loose stones on the paths, uncertain 
footing in the stream, and the possibility 
of nightfall ere the summit is reached 
Wc know of no one who ever climbed 
quite to the top of his particular hill, 
and wc turn away from this picture. 

Chancing to step back a bit and taking 
one glance in the direction of the two 
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pictures we suddenly become aware that 
they go very well together. The high 
lights and deep shadows of the ‘‘pur- 
posiveness*' picture make a pleasant con- 
trast with the flat tones and cl car-cut 
drawing of the “ determinist * * picture, 
and we spend the rest of our time in the 
picture gallery gazing at both pictures. 
To be sure, certain of the group round 
the “ determinist * * picture glance our 
way and make scornful remarks about 
“mystics,** tapping the forehead sig- 
nificantly. Then some of the group 
round the “purposivencss** picture urge 
us to cease from halting between two 
opinions and ally ourselves with the 
strong, purposive folk (“red-blooded he- 
men,** one enthusiast calls them). But 
still to us the middle viewpoint is best 
and pleasantest. We “prefer** it. I 
wonder whether to-morrow or next week 
yet another picture will hang in the gal- 


lery, and whether it will be a more 
nearly complete picture. 

On the ground of ability to see what 
he is depicting from several viewpoints 
we can not justify our small boy in his 
attempt to draw a picture of •God. 
Children are notoriously monistic in 
their view of the world, which they take 
at any given time, and if the boy*s 
mother destroyed his half-drawn picture 
we can not blame her as we did for sup- 
pressing his question. Yet I like to pic- 
ture the small boy say fifty years later. 
He is still drawing pictures, and now his 
mother no longer suppresses them. As 
he works away at his easel a friend en- 
ters the room and asks, “Wliat are you 
drawing now?** and the grown-up boy, 
who has seen life from many viewpoints 
and who has learned the importance of 
high lights and shadows, answers “I am 
drawing a picture which I hope will 
make folks think about God.** 



RACE AND CULTURE 

By Professor WILSON D. WALLIS 

THE XJNIVEESITY OP MINNESOTA 


Social development is intimately re- 
lated to biological species. The fowl of 
the air are almost the only architectural 
nest-builders. Not only so, each species 
of birds has special methods of nest- 
building which no other species dupli- 
cates. The dams constructed by beavers 
are peculiar to them. Some animals are 
by nature social, while others live an 
isolated and irresponsible life. Some arc 
amenable to civilizing influences and can 
be domesticated, while others, such as 
the tiger, refuse to enter man’s social 
circle, and reject the social contract. 
The timid are timid by nature, the fero- 
cious are born ferocious and ferocious 
remain. 

The qualities peculiar to the species 
are inherited. The nest-builder owes its 
abilities to its ancestors. The humming 
bird falls heir to one type of nest-build- 
ing art, the swallow to another ; beavers 
are indebted to beavers for the ability to 
construct the peculiar typo of dam of 
which they are capable. 

Mankind constitutes a species apart 
from the rest of the animal kingdom and 
has social attributes not shared by the 
other animals. But in addition to being 
a species apart from the rest of the ani- 
mal kingdom, man exliibits within his 
species such marked differences in physi- 
cal characteristics that varieties or races 
of mankind are recognized and by some 
arc reckoned as of primary importance 
in social life. 

Specific Race Traits 

The differences in mental and in social 
make-up exhibited by the various races 
are accepted as specific race traits, quali- 
ties innate in a given race, not shared or 
shared only partially by other races. 
Assertion of race superiority and race 


inferiority is equivalent to a declaration 
of limited possibilities of advance due 
to the factor of race. There are consid- 
erable differences between one race and 
another, differences as old as history, and 
the recognition of the existence of these 
differences is almost as old as historical 
documents. The Egyptian, the Persian, 
the Assyrian, each had specific qualities 
better known than admired by contem- 
poraries. The Greeks believed they con- 
stituted a class far above the harharoi of 
the non-Greek world. In his own eyes, 
the Roman, by virtue of birth, was supe- 
rior to other peoples. The Latin con- 
siders his race superior to that of the 
Teuton, and both agree on their respec- 
tive superiority over the Slav. Their 
case is the stronger because race differ- 
ences not only exist but persist. 

According to some writers, social de- 
velopment demands a certain kind of 
racial substratum. Thanks to this sub- 
stratum the stream of race differences 
flows on, each within the confining banks 
imposed by race potentiality. The find- 
ings of ethnology have called attention 
to the fact that culture differences may 
bo innate in race. Differences which 
exist and have existed for many cen- 
turies between Mongoloid, Caucasoid, 
and Negroid, suggest that in race there 
is something more than mere diverging 
streams of historical influences. The 
foundation for these innate race charac- 
teristics sometimes has been assigned to 
morphological differences, especially to 
differences indicating that in physical 
make-up the lower peoples are more 
closely akin to anthropoid apes than are 
Europeans. In the negro one finds the 
long head, long heel, long forearm. Size 
of brain in proportion to size of body is 
less in Negro than in European. These 
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characteristics, however, justify no in- 
ference as to social or mental qualities. 
Physical resemblance to anthropoid apes 
establishes nothing more than physical 
resemblance. One can not infer that the 
type nearest the apes in physical charac- 
teristics is also nearest them in social 
and in mental characteristics. The 
structure of the European male, for ex- 
ample, is nearer the type of ape than is 
that of the female, though a marked 
leaning toward the ape in mental life of 
males as contrasted with females would 
be ardently denied by many members of 
the stronger sex. The proportion of size 
of brain to size of body is much less in 
the adult than in the infant, yet most 
philosophers would deny that in this 
case intelligence decreases as body out- 
runs brain. The applications of similar 
logic to problems of race is obvious. 

Attempts have been made to discover 
race differences in innate psychic consti- 
tution. Some races are represented as 
having strong emotional tendencies, 
others as being naturally phlegmatic, 
with corresponding differences in cul- 
ture achievement. The experimental 
psychologist has taken his laboratory to 
primitive peoples or has brought repre- 
sentatives of primitive peoples to his 
laboratory, in order to study physiologi- 
cal and elementary psychological reac- 
tions. In sense discriminations, acute- 
ness of hearing, touch, sight, no differ- 
ences were detected which might not be 
credited to differences in previous train- 
ing, experience and the almost control- 
ling factor of interest. 

The natives of the Torres Straits, for 
example, discriminate objects in a dim 
light better than do Europeans ; but they 
arc accustomed to finding their way 
about in no other light than that of a 
campfire, a torch, or the stars and moon. 
The European, accustomed to artificial 
illumination, has little practice in a 
game at which the savage has much 
experience. 

It is not clear, therefore, that the re- 
sults of these psychological experiments 


reflect differences attributable to race* 
Possibly they show merely differences in 
education and in interest. If such be 
the case, the test is a test of culture 
rather than a test of race. Commenting 
on his psychological observations among 
the Urales and Sholagas of the Indian 
jungle. Dr. W. H. R. Rivers, who has 
made more psychological tests among 
savages than has any one else, says ; 

Those people wore hardly ideal subjects for 
psychological experiments. 

They came to us in a state of abject fear at 
the prospect of our examination, and in some 
cases continued so terrified throughout that 
their observations were of little value. In most 
cases, however, they soon found that we were 
comparatively harmless, and settled down to 
their observations satisfactorily, to become 
again much alarmed when they thought over 
the meaning and probable consequences of the 
examination. 

This state of alarm and of apprehen- 
sion, of divided interest and attention, 
in varying degree is characteristic of all 
primitive peoples with whom the psy- 
chologist deals. These disturbing ele- 
ments must greatly vary the results and 
in so far vitiate the value of the findings. 
Until the results of the experiments are 
weighted they possess little value as tests 
of the psychological capacities of primi- 
tive peoples. 

The importance of ‘‘consciousness of 
the task^’ as a factor in determining 
performance has been well stated by a 
contemporary psychologist. 

There is, for example [says Bartlett], all that 
may bo involved in the understanding of in- 
structions given, in the subject's own conclu- 
sions with regard to the purpose of the experi- 
ment, and in the affective accompaniment of 
his res][>on8e8. Beyond these intellectual and 
affective characters, however, consciousness of 
the task appears in all cases to involve what 
must be described as an active prompting, con- 
tributed by the subject himself, in the direction 
of this or that type of response. . . . Any one 
who has had any experience whatever in the 
setting and marking of mental tests wiU at 
once recognize how great a difference this 
active cooperation of the subject may make.i 

iF. C. Bartlett, ''Psychology and Primitive 
Culture, ' ' 270-1. New York, 1923. 
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In the experiments of Rivers above 
referred to the highest rating in the 
visioil test was scored by a Sholaga serv- 
ing under the Forestry Department as 
bungalow watcher. He discerned cor- 
rectly the position of the letter E at a 
distance of eighteen meters. Rivers 
deemed him ** distinctly superior to the 
rest in general intelligence, though it 
may only have been that he had had 
more intercourse with the outside world, 
and was, in consequence, less timid and 
reserved.** May it not have been due in 
part also to his experience and training 
as a bungalow watcher, a vocation which 
gave him in the tests a fitness which the 
others could not claim? 

Intelligence Tests 
Much has been made of the fact that 
the intelligence tests conducted in the 
United States army camps during the 
World War show a rating of negroes at 
a distinctly lower level than that of the 
whites. We give below the rating of in- 
telligence percentages of inferior, aver- 
age and superior : 





Per- 

Per- 

Per- 




cent- 

cent- 

cent- 




ago 

ago 

age 



No. of 

Infe- 

Aver- 

Supe- 

Camp 


Cases 

rior 

age 

rior 


(W = 

White; 

N = Negp’o) 


Lewis 

. W 

834 

8.4 

72.9 

18.7 


N 

118 

23,6 

66.9 

9.4 

Devens 

W 

8,247 

20.1 

69.2 

16.7 


N 

114 

32.4 

65.7 

1.8 

Upton 

......W 

7,876 

22.1 

66.6 

11.3 


N 

326 

44.1 

53.7 

2.1 

Dodge 

...W 

4,575 

18.3 

80.6 

11.1 


N 

831 

50.5 

47.3 

2.2 

Coster 

W 

4,933 

20.0 

66.9 

12.5 


N 

819 

58.3 

38.6 

3.1 

Travis 

...W 

6,514 

34.4 

56.1 

9.5 


N 

1,375 

70.2 

29.2 

0.6 

Grant 

„..W 

7,671 

18.2 

69.6 

12.2 


N 

1,129 

76.3 

22.8 

0.9 

Taylor .. .. 

.. .W 

7,363 

22.6 

62.9 

14.5 


N 

2,416 

80.3 

19.0 

0.8 

Wadsworth 

W 

8,243 

27.0 

61.2 

11.8 


N 

1,634 

92.8 

7.0 

0.1 

All Camps... 

....W 

93,973 

24.1 

63.9 

12.1 


N 

18,891 

78.7 

20.6 

0.7 


If we take the total for all camps we 
find the lower intelligence more than 
three times as frequent in negroes as in 
whites, the higher intelligence about one 
eleventh as frequent, and the average 
intelligence less than one third as fre- 
quent. These differences, in varying de- 
gree, hold for each camp as well as for 
the total of all camps, the negroes in- 
variably showing a higher proportion of 
cases of inferior intelligence, fewer of 
average intelligence and markedly less 
of superior intelligence. The ratios dif- 
fer for both whites and negroes from 
camp to camp and differ more in the 
case of negroes than in the case of whites. 
In the case of negroes the highest ratio 
of superior and the lowest of inferior 
occurs in Camp Lewis, a camp of the 
northwest, the next lowest ratio of in- 
ferior being found in Camp Devens, a 
camp of the northeast, while highest 
ratio of inferior rating and the lowest 
of superior is in one of the southern 
camps, Camp Wadsworth The fluctua- 
tion from camp to camp in the rating 
of negroes suggests that the rating of 
the negro depends largely upon the state 
of origin. A tabulation of results ac- 
cording to state of origin of the negroes 
shows that the surmise is well founded. 
Among the states of nativity of negroes 
for which data are given for more than 
one hundred cases the greatest frequency 
of lowest rating occurs in South Caro- 
lina (77.7 per cent.), Alabama (67.6 per 
cent.), and Florida (68.2 per cent.); 
the highest percentage of average rating, 
known as ‘‘C,** being found in Indiana 
(20 per cent.), Illinois (19 per cent.), 
and Kansas (21.4 per cent.). Geograph- 
ical variations in rating are not peculiar 
to negroes but hold for whites as well, 
and ‘‘suggest that there probably are 
more or less marked differences in the 
levels of intelligence in different parts 
of the country** — a surmise which no 
one would challenge. In a word, the 
fluctuation in negro-rating suggests that 
the difference between negroes and 
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whites is to be credited to social heritage 
rather than to race. 

The tests are standardized on the 
basis of Anglo-Saxon experience and 
education and show differences in social 
experience and tradition of which race 
is but a chance carrier. Devise tests 
which suit the intelligence, interest and 
training of the native Zulu and he will 
do better at them than will the average 
white. The relative standing depends 
considerably upon who devises the tests 
and upon the criteria imposed. Tests 
made, previously to the army tests, upon 
white and negro children show that the 
comparative rating of negro children 
varies with the social classes chosen for 
comparison. Attempts to select white 
and negro children of the same educa- 
tional standing, as was done in tests 
made in the south, and in tests made in 
Philadelphia, where, at least in the lat- 
ter case, the economic and home sur- 
roundings were taken into consideration, 
are in the right direction. But it is im- 
possible to select groups of whites and 
groups of negroes of the same home en- 
vironment. The traditions, aims, ambi- 
tions, hopes which pervade one group 
are different from those which pervade 
the other and are favorable to the 
whites. The comparison is fruitful only 
when we select those from the same en- 
vironment, with the same training, ex- 
perience and incentive. 

Neither does the greater prevalence of 
feeblemindedness among negroes show 
that this is attributable to race. Is 
feeblemindedness more prevalent among 
the negroes in Africa than among those 
in the United States, or has this trait 
grown apace with contact with American 
civilization? When the psychologist an- 
swers that question we will have grounds 
for deductions about traits attributable 
to race. Not until then can we allege 
that the greater prevalence of feeble- 
mindedness among the negroes of the 
United States is evidence of inferiority 
due to race. 


As regards the interpretation of the 
mental tests applied to members of racial 
groups, it is assumed by some psycholo- 
gists that the races should be rated ac- 
cording to the standing assigned indi- 
viduals by the tests. This is putting the 
cart before the horse. The tests are jus- 
tified or condemned according as they 
harmonize with otherwise demonstrated 
race intelligence. A test of the intel- 
ligence of individual members of a racial 
group does not give the intelligence rat- 
ing of the race. The psychologist would 
scarcely maintain that the tests would 
show a lower rating of modern Greeks 
than of ancient Greeks; yet the differ- 
ences in accomplishment are monumen- 
tal. Moreover, an addition of individual 
qualities does not give the qualities of 
the race, neither does an average of in- 
dividual qualities give it. 

Mind does not develop in a vacuum. 
It develops only in a world in which 
organism acts on environment and en- 
vironment on organism. In developing 
it takes on something of the complexion 
of the environment, however it may 
adapt environment to mental life. Given 
a common environment we have a com- 
mon basis for comparison. But not un- 
less the environment be really and not 
merely speciously the same. 

By the map it may be the same, but in 
the psychological life of the inhabitants 
it may be very different. Part of the 
environment consists of social contacts, 
home influences, interests and aspira- 
tions; these, whether originating in the 
individual or in the group, form part of 
the psychological environment. More- 
over, only that part of the environment 
has influence which meets the mind of 
the individual, directly or indirectly. 
The tests show that race differences 
exist; but they do not show that the 
differences are attributable to race, if 
by race is meant biological make-up 
apart from social influences and the in- 
centives inseparable from social environ- 
ment. 
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Ths Bacas have not shared the Same 
Culture Environment 

Part of the misunderstanding of the 
significance of race is due to acceptance 
of a false analogy between race and in- 
dividual It is assumed that a race, like 
an individual, has its youth, development 
and old age. The analogy is misleading. 
As far as we know the races are of the 
same age. It makes no difference 
whether we say they are all young or all 
old. Their possibilities are not ex- 
hausted while physical stamina and in- 
tegrity are unimpaired. 

Competition has shifted from physical 
qualities to social qualities. Not man’s 
physical endowment nor his physical in- 
heritance determine his place in the 
world to-day, but his social environment 
and his social inheritance. These are 
made for him to a much larger extent 
than they are made by him. Whether I 
shall have command of the English lan- 
guage depends much more upon when 
and where I am born and raised than 
upon my personal qualities, and this 
holds of the greater share of my accom- 
plishments. When we individualize the 
races we see that they have not lived in 
the same sort of world, have not had the 
same opportunities. Their varied ac- 
complishments can not be attributed 
solely to innate characteristics. There is 
no reason to believe that the innate char- 
acteristics of Anglo-Saxons to-day are 
different from their innate character- 
istics in the first century B. C. ; but the 
difference in the social environment 
makes of the individual Anglo-Saxon to- 
day a creature far different from his an- 
cestors of two millennia ago. He does 
not owe tliis change to any change in 
physical heritage, but to a change in 
social heritage. Only in so far as the re- 
si>ective races have shared a same social 
heritage do we have ground for making 
comparisons as to the culture signifi- 
cance of racial equipment. 


Relative Independence op 
Culture and Race 

That culture is only casually and not 
causally associated with race is suggested 
by the lack of correlation between spe- 
cific physical qualities and culture. 
Race characteristics consist of a differ- 
ence in shape or proportions of nose, of 
head, in kind and amount of pigmenta- 
tion, in color and texture of hair, and so 
on. A peculiar ensemble of these marks 
off one race group from another. 

If these traits in their ensemble have 
culture significance one would expect to 
find that some one of them alone has cul- 
ture significance. But it has not been 
shown that within any given racial 
group, Caucasoid or Negroid, the intelli- 
gence of the individual varies with eleva- 
tion of nose, breadth of nose, color of 
hair or of skin. 

If there is no correlation within a 
given racial group, the presumption is^— 
though it is only presumption — that, 
taken in their totality, these several 
qualities have no causal relation to in- 
telligence — probably not more than col- 
lars to Christianity. 

The relative independence of culture 
and biological type is shown in the wide 
variations of culture associated with a 
given biological type. In the aboriginal 
New World we have — some physical an- 
thropologists would not accede — a fairly 
homogeneous racial type, perhaps as 
homogeneous as any racial type. There 
is, however, no corresponding homo- 
geneity of culture. From the Eskimo 
to the Aztecs the changes in culture are 
as significant as from Eskimo to Africa, 
or from ancient Rome to modern Rome. 
Intervening areas support a multiform 
culture, variations in which appear to be 
in no wise causa^b related to fluctuation 
in biological type. Thus homogeneity of 
biological type goes with heterogeneity 
of culture; the specific biological type 
appears to be only a chance carrier of 
the specific culture. The causes of the 
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culture content are to be found in cul- 
ture and in history, rather than in 
biology. 

The converse is true: heterogeneous 
biological type is a carrier of homo- 
geneous culture. One finds in Britain, 
France, Germany, the same racial sub- 
types, occurring with different frequency 
in different localities. But the fluctu- 
ation in frequency seems to have no re- 
lation to the ability of type to carry the 
national culture. The sections of Prance 
in which Nordic type predominates carry 
Gallic cultures as easily as do localities 
in which the Nordic type is less frequent. 
Prom a study of his physical type no one 
can infer the culture of the Britisher — 
neither his politics, his religion, his lan- 
guage, his economic philosophy, nor even 
whether he belongs to Britain, Prance or 
Germany. All over Western, Central, 
Eastern, Europe homogeneous culture is 
carried by heterogeneous type. Thus 
the psychological tests used to exploit 
race differences really show the inde- 
pendence of race and culture. The 
group which the psychologist calls 
Italian, Bohemian, English, Dutch, and 
so forth, is not a racial group but a cul- 
ture, or perhaps merely a political 
group, in which the same race qualities 
appear as in the other groups, differing 
only in relative frequency. The psycho- 
logical tests show that race differences 
cancel out, can be disregarded. The cul- 
ture differences of the respective groups 
persist irrespective of the racial com- 
plexion. The Italian rates above or be- 
low the Frenchman, German, or Bohe- 
mian, irrespective of his racial make-up 
— the nationals^ racial make-up being a 
matter with which the psychologist has 
not been concerned and has not even 
taken note of. 

Permanent Race Traits have 

NOT BEEN SHOWN 

The test of the reality of race traits 
is their permanence. Otherwise we shall 
not know whether race is the product of 


social tradition or social tradition is the 
product of race characteristics. 

It is doubtful whether any ^^race'' 
characteristics known to us within the 
social realm can be considered perma- 
nent; and if they are not permanent, 
they are not race characteristics, that is, 
are not inherent in biological structure. 
If we take cross-sections of history at 
chosen intervals race differences appear, 
but these differences are not constant, 
neither do they inhere in certain races 
only, but pass from one to another. 

The conservatism of the Chinese has 
several tens of centuries to serve as wit- 
nesses to the permanence of this trait. 
But we rank conservatism as innately 
Chinese only because China still con- 
tinues in that temperament. To-morrow 
China may right-about-face (if she did 
not do so yesterday). Had Japan not 
stirred with new life, we should now be 
adding that country to the list of peoples 
in whom conservatism is a permanent 
quality. Although the vigor of the Anglo- 
Saxon and the languor of the Negro have 
many centuries to attest their abiding- 
ness, it would be unwarranted assump- 
tion to allege that interchange of social 
quality is as impossible as interchange 
of complexion. The Ethiopian may not 
be able to change his skin, but he has 
shown that he is capable of changing his 
social life, nor do we know the limit to 
his capabilities. Comparison of races is 
made at an arbitrary period of history, 
the results of the comparison depending 
upon the century chosen. The compara- 
tive rating which we give Celts, Latins, 
Greeks, Negroes, Anglo-Saxons, varies 
with the century chosen for making the 
comparison. Gobineau’s endeavor to 
save the case for race, which he opposes 
to geographical environment as the de- 
cisive factor in social advance, can not 
rest on the supposition that the purity 
of the dominant races was destroyed by 
the infusion of new blood, with conse- 
quent degeneration. Even though we 
admit that such an infusion resulted in 
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the overthrow of the Hebrews, of the 
Egyptians, of the Romans, we have yet 
to explain why the Hebrews rose to emi- 
nence in the seventh and sixth centuries 
B. C.| millennia after the Egyptians had 
acquired world power. 

If race brought the Romans into 
power, why did Roman racial qualities 
assert themselves only in the centuries 
following the decline of Greece, and not 
earlier T British power did not reach its 
apex until long after large infiltrations 
of other blood into the veins of Britons. 
Oobineau, therefore, does not account 
for the rise and fall of races, nor for the 
differences in race achievement in differ- 
ent centuries. 

He fails, moreover, to take into the 
reckoning the fact that the story of races 
is not yet closed. With regard to any 
given race we must inquire, not merely, 
What role has it played in history? but 
also, What qualities will it exhibit in the 
long run? Japan was regarded as in- 
ferior to China, being but a feeble bor- 
rower of Chinese culture. Now that 
Japan has liberally borrowed from West- 
ern Europe, China, when she attempts to 
get the stride of European civilization, 
may have occasion to look up to Japan 
as her superior. Or will China maintain 
her own civilization, and Japan again 
have cause to look up to China — a Japan 
ruined by that same civilization which 
made her a modern country ? 

For all we know, some accident of ex- 
ternal influence may have given rise to 
the culture differences which some would 
assign to race as a cause. Anglo-Saxon 
civilization would not have become what 
it is save for the historical accident 
of contact with Greco-Roman culture; 
though had it not been Anglo-Saxon 
culture it would not have responded as 
it did to these civilizing influences. 
Though its opportunity made it, it made 
its opportunity by accepting it and 
profiting from it. The people themselves 
must decide whether, as a result of new 
external influences, they will take new 
trend. 


Though there are many similarities in 
reaction, no two groups of peoples have 
decided in identical manner this matter 
of utilizing opportunity. Germans have 
responded to the stimulus in one way, 
Anglo-Saxons in another, French in still 
another way. Each according to its bent 
works out its salvation or refuses to 
strive for salvation. 

Ultimately the determinants of social 
development lie within the group and its 
environment, however much the develop- 
ment may be deflected by time and 
circumstance. 

Though we can ascertain what a race 
has done in the past — and its accom- 
plishments differ with each century — 
who can say when the group or race, re- 
sponding to new external influences, or 
self-impelled, will take new trend and 
violate our fondest anticipations? The 
Negro may be moving more slowly 
toward the goal and be lingering behind 
the Anglo-Saxon, but is it not possible 
that he is moving more surely toward it 
while Anglo-Saxon civilization may be 
headed in the wrong direction, be on a 
tangent, and sure to miss the goal though 
certain to pass close to it? Each race 
can change the trend of its development. 
Each has a measure of self-determina- 
tion which permits it to create or to de- 
stroy. It has the power of choice; and 
choice is elimination of the old as well 
as selection of the new. As the fulness 
of life falls within its purview so does 
the poverty of life and even suicide. 
The germs of greatness or ruin lie within 
all races, and we do not know the limits 
to their respective potentialities. Race 
qualities can not be finally determined 
until the race has run its course and then 
only in so far as the opportunities of the 
respective races have been equal, only in 
so far as the human experiment has been 
carried on under same or similar condi- 
tions by all races. In this respect races 
are comparable with individuals. 

Since nature has not provided and 
laboratory and history does not record 
any conclusive experiments as to the 
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capacities of the races, positive evidence 
of race inequality is lacking. It is not 
race which handicaps individual and 
group or gives them impetus, but the 
social environment of individual or of 
group. 

Other biological forces impinge upon 
the individual, but race is no handicap. 
Social, traditional, educative factors 
handicap or spur on the individual, not 
the biological factor of the race charac- 
teristics which happen to be associated 
with these social forces. If biological 
forces determine social development it is 
through some other medium than that 
of race. 

Origin of the Interest in Eace Su- 
periority AND Inferiority 

The factors responsible for race are 
morphological or physiological, hence not 
subject to fluctuations owing to social 
currents or social interpretation. Yet 
considerable social importance attaches 
to race. Conviction of race superiority 
is largely the creation of peoples self- 
conscious in the pre.sence of other races 
or cultures. The Hebrews attached lit- 
tle importance to race, since for them 
there were but two important divisions 
of mankind, the Chosen People and the 
Gentiles. The earlier Greeks made a 
similar dichotomy, using language rather 
than religion as the severing line. 
European thought displays no interest in 
race until the time of Camper, who 
noticed that the Ethiopians represented 
by Italian painters were remarkably 
Italian in feature, being in fact merely 
the Italian type painted black. Then 
came the distinctions of Linnaeus based 
on color, followed by those of Blumen- 
bach and those of Retzius with emphasis 
on head-form. The classifications are 
from a chosen point of view designed to 
serve a specific purpose. This, perhaps, 
must be the case, but the purposes have 
little in common. The Hebrews are in- 
terested in religious differences, the 
Greeks in language and culture differ- 


ences, Camper is looking for the proper 
anatomical or morphological undceHaip. 
The earlier physical anthropologtats of 
the nineteenth century are looking for 
measurable proportions which maik off 
one people from another and will serve 
for archeology as well as for contempo- 
rary ethnology. After 1870 the race 
question is subservient to nationality. 
Broca, the veteran French anthropolo- 
gist, sees the Germans as largely Slavic 
in composition. Virchow, the veteran 
German anthropologist, must needs con- 
trovert this by way of a mass of testi- 
mony to the contrary. Both are making 
offerings at the altar of nationalism. 

With the progress of Darwinism dur- 
ing the past half century the compelling 
motive has been the subordination of 
race problems to the evolution hypothesis 
and the arrangement of races in a 
hierarchy. 

Hence the feeling that the races can 
not be of equal capacity, since their ac- 
complishments are so diverse. There 
must be higher, lower and intermeefiate. 
European peoples, being in the ascen- 
dancy, assume their physical type the 
supreme one, other types representing 
degeneration or primitiveness to the de- 
gree that they depart from the Caucasian 
type, though, as a matter of fact, the 
European type probably shows more 
“ degeneration^' than does any other. 

If one grants the truth of the as.sump- 
tion of European superiority much can 
be adduced in support of it; but if one 
refuses to start with such an assumption 
it is exceedingly difficult to show the in- 
nate superiority or inferiority of a given 
race. It is not the correlations of race 
with intelligence quotient which haa 
elicited the inference of race inferiority 
or superiority, but the inference has 
elicited the correlations. Had interest 
centered in the correlations they would 
not have stopped with race, and cer- 
tainly would not have stopped until race 
type had been distinguished from nation- 
ality. If we read history and ethnology 
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to assign a preeminent value to 
race ia to confuse form with function, to 
assess a thing according to appearance 
rathor than according to performance. 

Summary 

To sum up our findings regarding 
race : Potential function is as important 
as actual accomplishment and can not be 
left out of the reckoning. 

Though races differ in accomplishment 
this difference is not constant through 
the centuries. It fiuctuates as the cul- 
ture life of neighbors changes, and inde- 
pendently of changes in the physical 
type of the group in question. If we 
view human life from the larger per- 
spectives of time and place there is no 
reason to conclude that the potential 
functional or potential accomplishment 
of one physical type is above or below 
that of another. To conclude that races 
have different psychic potentialities one 
must rule out historic opportunity. This 
we can do only to a limited extent, if at 
all. So far as we can do so, the evidence 
is in favor of the thesis that race poten- 
tialities are not inherently different. 
Least of all can tests of individuals be 
taken as equivalent to tests of the quali- 
ties of the race to which those individ- 
uals belong. The physical differentiae of 
race are, for the most part, like beauty, 
only skin deep. Remove the epidermis 
and in most cases it becomes extremely 
difScult to distinguish races by any 
physical criteria. 

So it is with psychic and social differ- 
ences. Relieve people of accumulated 
historic, social and psychic influences, 
and the races stand out as essentially 
alike in potentiality. 

The evidence of experimental psychol- 
ogy is largely negative. The differences 
between races shown by laboratory testa 
are small, and when we rule out interest 
and previous training and experience we 
are not sure that any differences inherent 


in race exist. The sense discriminatiem 
of the savage is practically that of the 
civilized man, that of the Negro does not 
differ from that of the Caucasian, that 
of the Oriental is like that of the Euro- 
pean. No intelligence tests have been 
devised which bring within the same 
realm for comparison on an equitable 
basis the civilized man and the savage. 
Tests revised on the basis of those de- 
signed for use with school children of 
the lower grades show differences among 
European nationalities. But these na- 
tional differences have not been cor- 
related with physical differences. 

The psychologist who has conducted 
the tests has not ascertained whether the 
individuals from different national 
groups are of different race (or of dif- 
ferent racial sub-group), though in all 
probability many of the South Euro- 
peans tested are of different sub-race 
than the North Europeans tested. Chi- 
nese and Japanese rank high in intelli- 
gence tests. Negroes rank below whites, 
but how much below them depends upon 
the section of country in which they live, 
both absolute rating and relative rating 
being higher in those sections of the 
country in which the social opportunities 
of negroes more closely approximate 
tho.se of whites. 

By the test of behavioristic psychology 
what a race is is equivalent to what it 
docs and can do; race qualities can not 
be inferred from the qualities of the in- 
dividuals who compose the race, for the 
character of the group seldom is either 
the average or the sum of the characters 
of the individuals who compose it. Only 
when wo test races living under like con- 
ditions do we have comparable data. 
Since the acewnplishments of the re- 
spective races fluctuate considerably 
through the centuries, we have no reason 
to believe that one race differs from an- 
other in innate psychic equipment. 



THE INFLUENCE OF THE WEATHER ON 
HUMAN CONDUCT 

By Dr. EDWIN G. DEXTER 
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Some years ago in the course of a dis- 
cussion of school discipline with a group 
of teachers, one of them asked me why 
it was that during some kinds of weather 
the children ‘‘cut up** so. 

That I thought was an easy one and 
blandly proceeded to pass on to some- 
thing of reai importance after having 
mentioned rainy day, lack of exercise, 
windows shut, etc., etc., with the air of 
one who feels that he has been unneces- 
sarily interrupted. But it wouldn*t do 
at all. They set upon me in a body. 
There was something in it, whether I be- 
lieved it or not. Some days everybody 
was on edge and it was the weather, but 
I hadn*t hit the nail on the head at all. 
I had distinctly lost caste in that com- 
munity for not being up on my subject. 

But I decided to get up on it, if there 
were any possible way and save myself 
humiliation in the future. As a result, 
the question of weather influences has 
been a kind of knitting work with me 
ever since; not climate — ^but weather, 
pure and simple: those day-to-day fluc- 
tuations in meteorological conditions 
which we all know so well. It is true 
that if any one of them becomes chronic 
— as heat or cold — it constitutes climate ; 
but that was not what interested me. 
Whole libraries had been written on cli- 
matic effects, but who had ever said any- 
thing about those of the weather? 

After a lot of browsing around, I 
found out. Some of the most eminent 
authors of all time had written on the 
subject: Shakespeare and Southey and 
Walt Whitman and Thoreau and Words- 
worth and Byron and Tennyson and 
Dickens and Victor Hugo have touched 


upon the influence of the weather on 
human conduct, not to mention many 
other lesser lights. 

If such men as these had made record 
of the thing, I was all the more willing 
to take my hat off to a bunch of eohool- 
marms in a remote county in Colorado, 
for that is where they had made their 
observation on the hopefuls of the na- 
tion. 

But, you say: “When did Shakespeare 
and the rest of the authors you have 
listed ever mention such a thing? And 
what did they say about it?** 

Shakespeare hinges the entire plot of 
Borneo and Juliet on the effects of a hot 
day. In the second act of that play he 
puts these words into Benvolio*s mouth: 

I pray thee, good Mercutio, let's retire: 

The day is hot, the Capulets abroad, 

And if we meet, we shall not 'scape a brawl, 
For now, these hot days, is the mad blood 
stirring. 

And again in Henry IV : 

But look you pray, all you that kiss my lady 
peace at home, that our armies meet not on a 
hot day. 

Southey says : 

I miss the sun in heaven, having been upon 
a short allowance of sunbeams for the last ten 
days; and if the nervous fluid be the galvanic 
fluid, and the galvanic fluid the electric fluid, 
and the electric fluid condensed light, soundtl 
what an effect must these vile, dark, rainy 
clouds have upon a poor, nervous fellow like me, 
whose brain has been in a state of high illumi* 
nation for the last fifteen months. 

Byron confesses: 

I am always more religious on a sunshiny 
day, as if there were some association between 
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onr Interntl approach to greater light and pur* 
aad the kindler of thia dark lanteni of our 
external existenee. 

But, without more citations, E. 0. 
Kirke, writing in the Atlantic Monthly, 
has summed the thing up as follows: 

With Wordsworth and Tennyson began what 
might be called the weather cult: that is, the 
entire impenetration of the theme and the mo- 
tive with the moods of the atmosphere. Dick- 
ens was perhaps the first of the modem writers 
to press fog and rain into his action as charac- 
ters, powerful as those of fiesh and blood ; but 
this plan has been carried to its limit in certain 
books of Victor Hugo’s, Pierre Loti’s, Black’s 
and Craddock’s. 

But these, you say, are men of genius. 
They are different. How about us hum- 
drum denizens of an everyday world t 
Does it affect us that way? 

According to the teachers I have men- 
tioned, it evidently does. But how find 
out? We do not often jot down our im- 
pressions of such things. There must bo 
a way. And there is. 

It is true that we do not jot down our 
impressions, but if our conduct becomes 
sufficiently abnormal somebody else jots 
down his impression of us and makes it 
a matter of record in the police blotter; 
and if wo study that carefully enough wo 
can find out just how many of us were 
acting abnormally on a given day, or on 
all days for that matter. Then if we go 
to the trouble to determine what the 
weather was on a given day, or on all 
days, and make the proper tabulation, 
we can find out whether more people 
were acting abnormally under certain 
conditions of weather than under others ; 
and, incidentally, determine whether 
Shakespeare and the rest were right in 
their deductions. 

To illustrate. 

The records of the U. S. Weather 
Bureau show, based upon observations 
of fifty years or more, that the average 
number of days each year at New York 
City characterized as clear is 107, while 


the average number on which there is 
some precipitation is 125; t.e., 29 per 
cent, of the days at New York City are 
clear and 34 per cent, are more or less 
rainy. The rest are cloudy, but without 
precipitation. 

That being the case, we might reason- 
ably expect that of all peculiarities of 
human conduct for the inhabitants of 
New York City, 29 per cent, would have 
occurred on clear days and 34 per cent, 
on rainy or snowy days, unless the char, 
acter of the day were an infiuencing fae- 
tor, for this was the only condition of 
the environment that changed simul- 
taneously for all. When one had a rainy 
day, all did, and when one had a clear 
day, it was a clear day for all. Such 
things as poor coffee at breakfast and 
dropped collar buttons and automobiles 
that refuse to start and the hundred and 
one petty annoyances that influence con- 
duct are distributed pretty well through, 
and do not happen for everybody at the 
same time, as the rainy day does. The 
question then really is : Given the twenty 
thousand days covered by the Weather 
Bureau’s data and the millions of people 
in New York City, can we say whether a 
man is any more likely to make a fuss 
about the poor coffee or to tip over the 
drc.sser in the hunt for his collar button 
or get profane about the automobile on 
a rainy day than on a clear day? In 
other words, is a lost collar button, plus 
a rainy day, woarse than a lost collar 
button, plus a clear day, so far as its 
effect upon the conduct of the loser is 
concerned ? 

As to mere collar buttons, we can not 
tell, since they are not matters of record, 
but when it comes to exasperating cir- 
cum.stances of such a sort as to get one 
into the hands of the police the thing is 
quite possible though somewhat labori- 
ous. The police record will tell you how 
many were arrested on any given day in 
the last fifty years for any given offence, 
and the records of the Weather Bureau 
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will tell whether that day was clear, 
partly cloudy or cloudy and whether it 
rained or not. That leaves the question 
merely one of mathematics. As I have 
already said, it rains more or less on 34 
per cent of the days at New Yoric City. 
If for a long enough period of time to 
eliminate the accidental error common to 
all empirical problems, the total number 
arrested on rainy days exceeds 34 per 
cent, of the total number arrested on all 
the days of the period covered, both rainy 
and clear, then the rainy day has some- 
how done it, for there is nothing else 
that could. We have so many people 
in the great metropolis that the acciden- 
tal may be completely ignored. There- 
fore, any mass variation in conduct, 
concomitant to variations in the meteor- 
ological conditions, are due to those con- 
ditions. 

So far, so good; the weather is not 
merely rain and shine and heat and cold. 
There is a lot more to it. There is the 
wind that has set people on edge since 
the dawn of nerves; there are constant 
changes in relative humidity and baro- 
metric pressure, things which Shakes- 
peare probably never heard of, but which 
after all may have a lot to do with it. 

Those same records at the Weather 
Bureau that told us how many rainy 
days and how many clear days there are 
in a year also tell us the mean tempera- 
ture, humidity, barometric pressure and 
wind velocity for every day for the last 
fifty years, the only trouble being that 
they do not publish them. You have to 
go there and dig them out. That is pre- 
cisely what I did — not for the whole 
fifty years, but for twelve — long enough 
to form a valid expectancy curve — and 
when the job was over I had the mean 
temperature, humidity, barometric pres- 
sure and wind velocity, the character of 
the day and the precipitation for each 
of the 4,383 days of the twelve years. 

This expectancy curve was based 
upon the percentile occurrence of each 


definite meteorological condition — for 
temperature each five degrees; for hUc 
midity each five per cent.; for baro- 
metric pressure each tenth of an inch; 
for movement of the wind each fifty 
miles for the twenty-four hours; for pre- 
cipitation each tenth of an inch, and for 
character of the day the three divisions 
of clear, partly cloudy and cloudy. 

You would agree with me, I presume, 
that since one seventh of all the days are 
Sundays, one seventh of everything that 
occurs will occur on Sunday unless there 
is something peculiar about Sunday to 
make them occur otherwise. 

All right. If one seventh of all the 
days have a mean temperature between 
60 and 65 degrees Fahrenheit, one 
seventh of everything that occurs should 
occur on days when the temperature is 
between 60 and 65 degrees Fahrenheit, 
unless there is something peculiar to that 
temperature which makes them occur 
otherwise. If that be true for the tem- 
perature group 60 to 65 degrees, it is 
true for every other temperature group, 
and for every other one of the fifty or 
more meteorological groups arbitrarily 
chosen. In other words, the percentage 
of occurrence of a metcrological condi- 
tion gives the percentage of expectancy 
for any peculiarity of human conduct 
under that meteorological condition. 

So much for expectancy. How about 
occurrence? 

This took mo wherever a record of 
human conduct for New York City was 
kept in the form of a daily tabulation, 
for it was necessary to know the exact 
date of the abnormal act in order to de- 
termine the meteorological condition 
under which it occurred. 

For the twelve years covered by the 
study, the police records for the city of 
New York showed 39,761 arrests for as- 
sault and battery ; that is, for that num- 
ber (3,134 of whom were women), the 
“mad blood” had stirred to such an 
extent as to get them into the hands of 
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the law. During the same period 3,564 
(2,467 males and 1,097 females) had 
be^ placed under surveillance by the 
police in initial attacks of insanity. Of 
suicides (and unsucceasful attempts) the 
police records showed 2,946 for the 
period. 

Arrests for drunkenness were shown 
to be 44,495. 

But the police blotters are not our 
only records of human conduct. The 
records of certain public schools gave 
108,020 absences and 14,083 cases of dis- 
cipline for various misdemeanors, and 
those of the City Penitentiary on Ran- 
dalPs Island 3,981 more of the latter. 

To show the influence of weather con- 
ditions on health, a portion only of the 
twelve-year period was covered, and it 
was found that 75,486 persons had been 
treated in the outpatient department of 
the Roosevelt Hospital; 191,137 single 
day’s absence from duty by members of 
the City Police Force were recorded, and 
74,793 deaths were reported for the city ; 
in all more than 550,000 separately re- 
corded human events with the exact date 
of each, and by reference to the weather 
data already discussed, the exact mete- 
orological conditions under which each 
occurred were determined. 

It is unnecessary to describe the 
method of tabulation followed other than 
to say that for each peculiarity of con- 
duct studied, i.e., assault and battery, 
suicide, drunkenness, etc., two curves 
were plotted: Expectancy based upon 
the percentile prevalence of definite 
meteorological conditions (the same for 
all), and occurrence based upon the 
percentile prevalence for each condition 
of the abnormality of conduct being con- 
sidered. If 6 per cent, of all the days 
showed a mean relative humidity of .75 
to .80 and 9 per cent, of all suicides oc- 
curred under those conditions of relative 
humidity, suicides were 50 per cent, in 
excess (9 per cent. = 100 per cent. + 
60 per cent, of 6 per cent.), and so on 
for them all. 


The results show conclusively that 
Shakespeare and the rest were right. 

As to “hot days” and “mad blood,” 
had Mercutio but followed Benvolio’s 
sage advice, the plot might have been 
despoiled of all its tragedy, for our study 
showed an excess of arrests for assault 
and battery of 69 per cent, for men and 
exactly 100 per cent, for women — or 
double the expected number — on days 
when the mean temperature was be- 
tween 80 and 85 degrees Fahrenheit. 
The curve is so regular as to leave no 
doubt of its validity, starting in with a 
deficiency of 50 per cent, at 10 degrees 
F., reaching normal (the expected num- 
ber) at 60 degrees F., and ascending 
rapidly as the heat increases to the ex- 
cesses mentioned above. But at this 
point (i.e., 80 to 85 degrees F.) a strange 
thing happened to the curve. For the 
temperature group 85 to 90 degrees F. 
it suddenly drops, for the women to an 
actual deficiency of 30 per cent, and for 
the men to an excess of only that magni- 
tude. Seemingly, something more is 
necessary for a fight than mere emo- 
tional disturbance. One must not only 
feel like fighting, emotionally speaking, 
but also feel like fighting, physically 
speaking, if real blows are forthcoming, 
and it would seem that the excessive heat 
of 90 degrees F. had effectively robbed 
everybody of the latter. Doubtless, if 
it were of mere profanity that we had 
a record, and not blows struck, the re- 
sults would be different. 

In the case of drunkenness, the effects 
of the hot day are almost diametrically 
opposite to those for assault. Here the 
curve starts from excess of 40 per cent, 
at the temperature of 10 degrees F. and 
runs down, with minor fluctuations, to a 
deficiency of 36 per cent, at 85 degrees 
F. This was a distinct surprise to me — 
though the whole study was full of sur- 
prises — for I had lived a number of 
years in the tropics and found it to be 
the prevailing opinion that one does not 
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“carry” his liquor there as well as in 
colder regions. 

But it is certain that the low tempera- 
ture booked the drunks in New York 
City. Several influences may have 
weight here. Our long winter evenings 
are more conducive to conviviality than 
are the shorter ones of summer ; but I am 
wondering if there is not a suggestion 
here to those interested in the solution of 
our liquor problem. Other phases of the 
question of weather influences — not dis- 
cussed here — seem to show that during 
low temperature the reserve energy of 
the body is relatively deficient. This 
would affect the demand for a stimulant. 
A “bracer” is taken when needed, and 
for many a “bracer” means a “drunk.” 
We may, I believe, with justice, conclude 
that many of the habitues of the police 
court as prisoners struggle against their 
tendencies to drink, knowing the conse- 
quences. When vitality is excessive, they 
do so with success; for days and, per- 
haps, for weeks they are winners, but 
finally the time comes when the fight is 
too severe, and they succumb. That was 
on the day when the vitality was at its 
lowest ebb, and the cold contributed to 
that condition. A few glasses of whiskey 
would remedy all that, and it did so. 
What cared the poor fellow what Arctic 
explorers have said about the effect of 
alcohol upon the system in the long runt 
He was cold ; he was weak. The stimu- 
lant would give him immediate, though 
temporary, relief. He took it, and our 
figures show the result. Who can say 
how largely the drink problem is one of 
better heated tenements, of warmer over- 
coats and of more nourishing food ! 

Now we are between the devil and the 
deep sea. If we want to keep from fight- 
ing we must take care on a hot day, and 
if we want to keep sober we must look 
out on a cold one. But there is one con- 
solation; if we want to commit suicide 
neither one seems to have anything to 
do with it — at least until we reach that 


deadly point of 90 degrees F. as a mean 
for the day. 

Suieides were found to be precisely 
normal in number at a temperature of 15 
degrees F. and again at 75 degrees F., 
and between those two points the curve 
fluctuated in such a manner as to indi- 
cate little or nothing. At 90 degrees F. 
it took a jump to -1-45 per cent, for 
men and 70 per cent, for women, but 
there wore so few cases involved at this 
extreme of the curve as to lessen its 
value. 

So when it comes to committing sui- 
cide we may do it on any kind of a day, 
so far as the thermometer is concerned, 
without violating the rules of this paper. 

But when it comes to certain other 
meteorological conditions, we must take 
care. For instance, we must consult the 
barometer, to do it according to form. 

For every barometrical reading above 
29.80 the number of suicides was defi- 
cient, running down to — 88 per cent, 
at 30.30, while for every reading below 
29.70 it was excessive, averaging -|- 176 
per cent, (nearly three times the ex- 
pected number) for all readings below 
29.60. 

Just what this means it is not easy to 
say. Certainly it is not a matter of mere 
atmospheric pressure, for every time a 
New Yorker goes to the Catskills or the 
Adirondacks he experiences a greater 
lessening of pressure than is shown by 
the extremes mentioned above, seemingly 
with no suicidal effects. It is, however, 
a well-known fact that low barometric 
readings generally precede storms, and 
here we may have the explanation. 

If so, they had the thing over before 
the storm really struck, for in a most 
surprising way, suicides chose the most 
delightful of all our weather conditions 
for their fatal act. The month of May 
is their favorite, with an excess of 90 
per cent, for the women and of 12 per 
cent, for men. Twenty-five per cent, 
more chose dry days for the act than 
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rainy days, while 22 per cent, more 
chose clear days than those characterized 
as partly cloady. The number choosing 
cloudy days was precisely normal. 

Wind alone among the more evident 
meterological conditions proved an ex- 
ception to the seeming desire to leave the 
world on a pleasant day. Excessively 
high winds proved deadly. Starting in 
at — 80 per cent, at wind velocity of 2.5 
miles per hour the curve rises almost 
without fluctuation to -(-200 per cent, 
(three times the expected number) for 
days on which the average hourly move- 
ment for the day was fifty miles. 

This seems as it should be. 

But how account for the excess of sui- 
cides on the most delightful days of the 
whole calendar f To me the only plaus- 
ible h 3 rpothe 8 is is that of contrast. In- 
vestigation has seemed to prove that very 
few suicides are committed on the “spur 
of the moment.” The act is generally 
premeditated and its consummation de- 
ferred, sometimes again and again. We 
can hardly doubt, either, that it is 
dreaded, and the hope entertained, even 
to the end, that it may not need to be. 
During the winter months that hope 
might be centered in the belief that 
when nature smiles with the spring sun- 
shine all will be well ; on the gloomy day, 
when the morrow comes with its exhilar- 
ating brightness, the present cloud of 
unhappiness will be gone. The love of 
life is still strong, and the grave can not 
be sought while there is still hope for 
better things. 

Spring comes with all its excess of life, 
and the morrow with its brightness, but 
do not bring to the poor unfortunate, 
unable to react to these forces as of yore, 
the hoped-for relief. He thinks of other 
springs when the bluebirds sang happier 
songs and of other sunshine which had 
set his blood a-tingling. The drowning 
man had waited long for the straw; it 
came and he clutched it, but it sank be- 
neath his weight. Dante felt the force 


of it when in his “Divine Comedy” he 
wrote: 

No greater grief than to remember days 

Of joy, when xniisery is at hand. 

And Tennyson expressed tlie same 
thought in “Lockslcy Hall”: 

Comfort? comfort scorned of devils! this is 
truth the poet sings, 

That a sorrow's crown of sorrows is remember- 
ing happier things. 

So much for voluntary death. 

How about the other kindf 

This takes us into a brief discussion, 
of body energy. Health means a degree 
of body energy based upon metabolic 
processes, the activity of which has been 
determined by natural selection through 
a long period of time. When those proc- 
esses are normal, a sufficient modicum of 
energy is developed for all the vital ac- 
tivities of life — respiration, circulation, 
digestion, assimilation and excretion — 
plus a reserve of varying quantity avail- 
able for the higher and more recently 
acquired activities of the race, such as 
the mental, the emotional, etc. When 
the production of body energy is insuffi- 
cient for the demand of the vital proc- 
esses, ill health and possibly death ensue. 
Seemingly, when the production of en- 
ergy is in excess of that required for the 
vital processes it is available as excess 
energy and affects conduct in its ac- 
cepted sense. A horse fed oats in the 
stable for a month is likely to be frisky. 
But oats are not the only thing that will 
make a horse frisky. The weather will 
do it. I once studied the occurrence of 
several hundred “runaways” with re- 
spect to the weather and found this to be 
true. 

From the standpoint of energy, there 
is no difference between the “runaway” 
for a horse and a fight for a man or per- 
haps naughtiness for a child. Eadi must 
“feel his oats” before he does it. Does 
the weather make us feel our oatst 
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In other words, do varying meteoro- 
logical conditions affect the production 
of body energy! 

We have four sets of figures which 
have a bearing on the answer to this 
question; absence from school on the 
part of pupils ; absence from duty on the 
part of policemen ; attendance at the hos- 
pital clinic, and death. The first two 
and the last would, in general, be due 
to low vitality. There is no doubt as re- 
gards death, save in cases of accident, 
and as to the others contagious diseases 
and perhaps circuses might have to be 
reckoned with, but in general the law 
would hold there. 

With attendance at the hospital clinic, 
I am inclined to think that the reverse 
is true; that those who are patronizing 
the clinic— and the records show the 
average number of visits on the part of 
such to be four, made at intervals of 
some days — only attend when they feel 
equal to the inconvenience of such a 
visit ; that is, on the best days which they 
experience. If this be true, we should 
expect the curve for hospital attendance 
to run counter to the other three. And 
that is what it does. 

It would be too long a story to go into 
the detail of it all, but in general tem- 
perature seems to have little effect on 
health until we reach the highest de- 
grees, when everybody wilts. It is not 
strange that moderate degrees should not 
be felt, since the temperatures in which 
we live — except the highest — are arti- 
ficially controlled. One might be sick 
for days in the dead of winter without 
knowing that the thermometer outside 
registered zero, except for the frost on 
the window. Extremely low barometric 
pressure is deadly, with a similar effect, 
though to a lesser degree, for extremely 
high readings. Moderate atmospheric 
pressure is healthful. High humidity is 
disastrous, while the same is true for 
virtual calms and also for the other ex- 
treme of wind movement. Neither the 


character of the day nor precipitation 
has any marked effect. 

No one of the meteorological condi- 
tions studied more plainly differentiates 
the different classes of data into con- 
trasting groups than does the wind, and 
no condition presents more anomalous 
and unexpected effects. Particularly is 
this true for movements of less than one 
hundred miles for twenty-four hours — 
that is, virtual calms. 

Misconduct cases in the public schools 
on such days were but 50 per cent., and 
in the penitentiary 80 per cent., of the 
expected number ; women arrested as in- 
sane 34 per cent., men 67 per cent. ; sui- 
cides 62 per cent. ; arrests for drunken- 
ness 78 per cent.; for assault and bat- 
tery, women 45 per cent, and men 89 
per cent. With death we reach the first 
excess over expectancy, with 104 per 
cent. Policemen off duty 105 per cent. ; 
sickness (hospitals) 114 per cent., and 
absence from school 314 per cent. 

The striking thing about the curves on 
which these figures are based is the sud- 
den change which takes place in the oc- 
currence of nearly all the activities (or 
cessation of activity as in the case of 
death) with a slight increase in wind. 

Calms are in a class by themselves so 
far as wind effects are concerned. Dur- 
ing their prevalence certain phenomena 
suddenly increase in number, while 
others drop almost to a vanishing point. 
Those in excess arc absence from school, 
absence from police duty, sickness and 
death. 

But absence from school means sick- 
ness, absence from duty the same, and 
death the same at its maximum — that is, 
depleted vitality in every case. 

Those human events which were de- 
ficient during calms were, without excep- 
tion, misconduct cases : arrests every one 
of them, either by the police or school 
authorities, and due for the most part at 
least to a surplus of energy. 

Let us see if that is not so. 
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In the public schools, sins of commis- 
sion, rather than sins of omission, are 
usually the occasion of bad marks in de- 
portment. It is usually the active, ener- 
getic boy, the one with vitality to spare, 
who gets the demerits. The anemic 
youngster may never stand at the head 
of his class, but he is very likely to de- 
light his fond mamma with a mark of 
100 in deportment. If that be so, and I 
speak with authority upon this point, 
if upon no other, disorder in the school- 
room is an active thing and an evidence 
of excessive vitality. With the peni- 
tentiary inmate I have had less experi- 
ence, but upon a priori grounds would 
argue that what is true for the child in 
questions of deportment would not bo 
radically different for the adult. In 
fact, the wardens in charge, upon being 
questioned on the matter, gave it as their 
opinion that the prevalence of disorder 
bore a pretty close relation to physical 
health, varying directly with it; that 
order was only observed through evi- 
dence of superior force on their part; 
that a sick person was always a good 
one, but that with return to health, con- 
ditions were frequently very different. 
We may, then, conclude that in the peni- 
tentiary misdemeanors are evidences of 
excessive vitality. 

With persons arrested for the crime of 
assault and battery the same is, I believe, 
demonstrably true. One might feel like 
fighting, and perhaps more frequently 
does feel so, when possessed of “that 
tired feeling” which is the fortune of 
patent medicine venders, but to feel like 
fighting without doing so never brought 
a man before the police judge for the 
crime which we are considering. There 
must be both the inclination and the 
consciousness of strength to back it up 
before one would be likely to figure in 
this class of data. 

In the case of the next class, that of 
arrests for insanity, we shall take the 
word of the psychiatrist that acute 


mania increases with any condition 
which tends to augment the output of 
nervous energy. The daily fluctuations 
in strength which all have experienced 
are not so much those of physical, as of 
nervous energy, if the distinction may 
be made, and with persons having tend- 
encies to mania the results would be 
those which our records showed. 

13runkcnness and suicide are not so 
evidently manifestations of superabund- 
ant vitality — ^though, as I have already 
shown, the latter is excessive under the 
most exhilarating conditions — yet with 
these possible exceptions it would seem 
that during calms those life phenomena 
which normally are due to an excess of 
vitality are deficient in number. 

Why? 

Merely, it would seem to me, a ques- 
tion of ventilation. Not of opening a 
window to let in some good air, but per- 
haps of opening a window and finding 
no good air to let in. Remember this 
study is confined to New York City. 
And then remember what New York 
City is. Some millions of people burning 
up oxygen and some hundreds of thou- 
sands of furnaces and fires of smaller 
dimensions doing the same thing, all 
pouring forth carbon dioxide without 
.sufficient vegetation to reverse the proc- 
e.s.s. What else could be expected, with- 
out a little breeze to carry it out to sea, 
or over to Jersey where the trees can 
take care of it? Studies made in the 
city of Manche.ster, England, to deter- 
mine the relative prevalence of carbon 
dioxide on calm and on windy days 
show that the quantity is several times 
greater under the former than under the 
latter conditions. With an exce.ss of that 
deadly gas, the production of body en- 
ergy slows up with the result that we 
have noted. So, if you live in a large 
center of population take to the woods 
on a calm day. It is safer. 

In conclusion, it seems safe to say that 
Shakespeare was right, not only in his 
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allusion to the deadly effects of a hot 
day, but in his many other references to 
weather influences.* And so were the 
others who have embodied their impres- 
sions in literature. Once more, all honor 
to the seer who does not need to follow 
the empirical method, for after all re- 
search is seldom more than an attempt 
through scientific process to verify or 
disprove somebody’s impressions. 

The varying meteorological conditions 
that we call weather do infiuence us to 
marked degree, seemingly through a di- 
rect effect upon the metabolic processes 
of life. Seemingly, too, women and chil- 
dren are more susceptible to them than 
are men. 

We can not change the weather, but 
we can perhaps adapt our activities 
somewhat more to its decrees, if only the 
latter be known. 

In our public schools are more than 
twenty million children under controlled 
conditions. We have shown that under 
certain weather conditions so much en- 


ergy is produced that it blows off in mis- 
conduct. 

But why in misconduct t 

It is a question of energy. Why not 
open some safety valve on such days and 
let the surplus escape? 

A longer recess might do it or calis- 
thenics or anything else that will bum 
up the excess. 

But, you say, must the teacher con- 
sult the weather report before arrang- 
ing the schedule for the day? Not that 
exactly, though it may come in time. 
But when wo as fathers and mothers and 
teachers and common everyday individ- 
uals get to be as wise as that group of 
teachers in Colorado and then just so 
much wiser as to lead us to act in ac- 
cordance with the facts, we shall not at- 
tempt so many impossibilities, either 
with ourselves or with others. 

For: 

... a breath thou art, 

Servile to all the skyey influences 

That do this habitation where thou keep ’st. 

Hourly afflict: . . . 

Measure for Measure,” Act III, Sc. 1, 
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Never before in the history of the 
world has there been such an intensive 
campaign to prolong life. Our success 
in the control of communicable diseases 
has been outstanding along every line, 
except for the respiratory infections. 
Education in personal hygiene is mak- 
ing good advances. New discoveries in 
problems of nutrition and the value of 
foods have been revolutionary. Physical 
education has been so magnified that it 
threatens to overshadow mental training 
in our schools and universities. Along 
with these advances, there has been an 
equal improvement in our environment. 
The development of transportation, cold 
storage and other methods of food pres- 
ervation have taken away from the 
world in general the specter of famine. 
Along every line the stage has been set 
for such rapid increase in population as 
no one ever before thought possible. 
Success has attended our efforts. Our 
increases in population and resources are 
being preached from the housetop, and 
if success means the accomplishment of 
our objects, we certainly have the right 
to boast. In the midst of rejoicing by 
sanitarians, humanitarians, business men 
and powers which need “cannon fod- 
der” a note of question is creeping in, 
coming chiefly from biologists and a cer- 
tain class of economists. Can we accept 
the dictum of Adam Smith that “the 
most decisive mark of the prosperity of 
any country is the increase of the num- 
ber of its inhabitants?” 

Increase in population according to 
this idea means progress. Ambassador 
Bryce once stated “that the ultimate 
test of every kind of advance is happi- 


ness.” Malthus pointed out long ago 
that increase in population that was out 
of proportion to the increase in food 
supply would lead to anything other 
than happiness. Ilis doctrine was re- 
ceived with incredulity and worse, but 
each year proves his wisdom and fore- 
sight, and there is a constantly increas- 
ing number of studious men and women 
who are accepting his views and advo- 
cating measures based upon their prac- 
tical application. 

We do not know how long man has in- 
habited the earth, but we do know that 
in 1800 the population of the world was 
approximately eight hundred and fifty 
million and that this number was 
doubled in the last one hundred years. 
Taking the smallest estimate, which is 
scouted by almost all scientists as be- 
ing twenty-five thousand years, we can 
say that it has taken only one hundred 
years to double the population which it 
required twenty-five thousand years to 
produce. Knibbs estimates that the pop- 
ulation of the world doubles every sixty 
years at the present rate of increase, and 
if this is true, within three generations 
from the present our population will 
reach seven thousand million, or two 
thousand million more than the esti- 
mated number for which the world can 
produce food. 

Preventive medicine as we know it to- 
day is of recent birth. While Pasteur 
began his publical ions about 1855 to 
1860, his discoveries became generally 
known and utilized less than fifty years 
ago. The application of his discoveries 
has meant almost more to big business 
than to humanity. Vast areas of tropi- 
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cal and semi-tropical countries which 
only a few years ago were sealed against 
exploitation are now open for the pro- 
duction of rubber, coffee, tea, spices and 
other products of world-wide consump- 
tioiL The result has been that in these 
areas the population has increased one 
hundred and five million. Forty years 
of British rule in Egypt saw the popu- 
lation of the Nile Valley double. In 
approximately the same length of time 
India has added fifty million to its al- 
ready overcrowded population, and the 
most expert students now question 
whether or not the masses in India are 
better off than they were before British 
rule, yet we know that the British have 
introduced modem methods along prac- 
tically all lines. Approximately the 
same statement can be made of many 
parts of the world, and the estimate of 
Knibbs for the world has been far sur- 
passed in many countries. In the Philip- 
pines the increase from 1908 to 1918 was 
at a rate which would double the popula- 
tion in twenty-three years. The popu- 
lation of Java has multiplied eight times 
in a centur}'. In Porto Rico, where the 
birth and death rates were approxi- 
mately balanced, we have since 1900 re- 
duced the deathrate to eighteen, while 
the birth-rate has risen to thirty-seven 
per one thousand. Next to Java, this is 
the most densely populated agricultural 
area in the world — nearly four hundred 
to the square mile. Between 1800 and 
1916 the population of Europe increased 
from one hundred and eighty-seven mil- 
lion to four hundred and sixty-five mil- 
lion. 

We are naturally more concerned with 
our own country than with the rest of 
the world, in spite of the fact that our 
charities are reaching out to every land. 
The United States increased its popula- 
tion almost twenty fold between 1800 
and 1920. For the decade from 1800 to 
1810 only 1,932,000 were added, while 
for the decade from 1910 to 1920 the 


increase was 13,739,000. The latest esti- 
mate by the United States Department 
of Agriculture is “that after our arable 
land has increased almost 100,000,000 
acres, which appears likely to happen 
during the next seventy-five years, and 
if our acre yields of the crops attain 
those in northwestern Europe, and our 
diet reaches the pre-war German stand- 
ards, our nation will be able to support 
about three hundred million people." 
That these conditions will bo fulfilled is 
very uncertain. The population of the 
United States increases by about one 
million five hundred thousand yearly, 
while the yield of foodstuffs per acre has 
shown little or no increase for fifteen 
years past. Dr. Baker, who has made 
this study, contradicts Adam Smith and 
says that “strength is measured more by 
per capita wealth and welfare than by 
numbers of people." 

From 1804 to 1914 the rate of increase 
of population in the world was 0.844, 
which would lead to a doubling of the 
population in 80.57 years. Between 1906 
and 1911, twenty-six of the leading 
countries of the world increased at a rate 
of 1.159, which would double the popu- 
lation in a trifle over sixty years. Tak- 
ing the world population in 1924 as 1850 
million, either one of the above rates 
would lead to saturation of the entire 
world by the year 2165, approximately 
two and a half centuries. As far as we 
are able to judge from the past, and with 
our present knowledge, it is safe to say 
that our present rates of increase must 
fall off as the population approaches 
saturation. Every year will show ad- 
vances in sanitary science and in control 
of diseases of almost all kinds, so that the 
decrease must come by limiting the 
birth-rate or by the destruction of life. 
The birth-rates of practically every 
country from which we obtain reports 
is decreasing, in spite of which all our 
populations are increasing at a rate 
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which must cause grave concern for the 
comparatively near future. 

The world must live chiefly by agri- 
culture. Consequently, the best distri- 
bution of population is that which con- 
forms most closely to resources. Where 
great differences exist, migration is the 
only relief, but the necessity of migra- 
tion means racial jealousies and war, 
which is not only inhuman, but as we 
have had recent cause to learn, economic 
madness. As our population increases, 
we will be compelled to depend more and 
more on vegetable foods, and fewer ani- 
mals will be raised either for food or for 
transportation, since the land will be 
needed for vegetable food production. 

The history of the world shows that 
civilized people do not hesitate to take 
territory from inferior races, with the 
result that the latter often disappear 
more or less completely. Striking ex- 
amples of this are seen in our own coun- 
try, in South Africa and in Australia. 

We can not foretell what future dis- 
coveries will bring about, but it is hardly 
conceivable that such advances in the 
production of foods will be made as to 
entirely upset the calculations based on 
our present knowledge. Making every 
allowance for increase of knowledge and 
for improvement in our social, economic 
and political organizations, Knibbs, the 
noted Australian economist, calculates 
that seven thousand million population 
may be supported, while ideal conditions 
which are most improbable may possibly 
allow from nine thousand million to 
eleven thousand million. With our pres- 
ent standard of living, it is doubtful if 
the world can support five thousand mil- 
lion people. 

The title of my paper would scarcely 
seem to justify the discussion up to this 
time, but food is the primal necessity of 
all living beings, and the discoveries of 
the last few years have shown us that 
quantity is of relatively less value than 
quality in regard to certain contents. It 


is impossible therefore to consider the 
welfare of the race without taking into 
consideration what our present rate of 
increase is leading to in the way of over- 
crowding and struggle for existence. 

It has frequently been pointed out 
that the prolongation of life, of which 
we have boasted so much, has been 
cliiefly in children under five years of 
age. On the one hand, it has been 
claimed that the saving of weaklings is 
bound to affect the future of the race. 
On the other hand, there are those, 
notable among whom is Sir Arthur 
Newsholme, who hold that the struggle 
of the survivors among those in whom 
a high death-rate occurs, is severe and 
leaves its mark. While we may admit 
with notable statisticians that infant 
mortality is to a certain extent selective, 
the predicted compensatory death in 
early life from the saving of babies 
otherwise doomed does not occur, since 
the mortality rate has improved at all 
ages except the very advanced. Quite a 
list of world shakers could be given 
among those who would have been se- 
lected for weeding out, if such a system 
had been in vogue. 

The present state of our knowledge 
does not permit of the formulation of 
rules for the future, but it is not too 
early for us to begin a careful study of 
the situation which confronts us. Amer- 
ican beneficence has founded a modem 
medical college in China, already over- 
populated. Highly educated medical 
missionaries are going to many parts of 
the world which already have more 
people than they can support. In a few 
instances agricultural missionaries are 
also being sent. The medical section of 
the League of Nations is collecting data 
from practically cry part of the world 
and giving the results to all nations. 
This can not but result in the saving of 
lives at all ages with an increase of 
an already superabundant population. 
America has found it necessary to re- 
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strict inunigration, though many believe 
that this has not gone far enough. There 
is some reason to believe that it will cut 
out at least one source of undesirable 
stock. 

While acknowledging our inability to 
suggest a complete program for the fu- 
ture, there are certain outstanding facts 
upon which we should act promptly. 
The World War gave us our first oppor- 
tunity for the examination of a large 
number of our young men. It aston- 
ished many to learn that if mental de- 
ficiency runs uniform among persons of 
all ages, there would be 353,210 male de- 
fectives in the United States. Suppos- 
ing the same number for females, we 
would have more than seven hundred 
thousand for the country, less than 6 
per cent, of whom are cared for in insti- 
tutions, which means that approximately 
94 per cent, of these defectives are at 
home living without restraint of any 
kind. Judging from known facts con- 
cerning those in institutions of various 
kinds, it is conservatively estimated that 
there are between one and one half and 
two million people in our country who 
are defective and in need of institutional 
care, of whom at least one half have 
heredity to thank for their condition, 
and who in turn will reproduce their 
kind. East, who is somewhat pessimis- 
tic, estimates that we have “people with 
no sense worthy the name, defective 
stock, over five million ; people with little 
sense, scrub stock, twenty million.” 

The fecundity of this class of people 
is in no doubt. In spite of a high infant 
death-rate and a greater amount of ste- 
rility, there seems to be no doubt that 
the subnormal reproduce their kind 
more abundantly than the normal. In 
St. Louis among normal families only 
4.76 per cent, had eight children or 
more. As the mental scale went down, 
the size of the family went up, so that 
among morons 34.58 per cent, of families 
had eight children or more, while for all 


classes of those below normal the aver- 
age was 19.12 per cent. When we re- 
member the number of criminals who are 
subnormal, and that subnormality leads 
to criminality, and when we know that 
a large percentage of asylum patients 
are released and recommitted, some of 
them twenty-eight or thirty times, we 
are surely not going too far in believ- 
ing that genuine humanity, as well as 
common sense, demand that we place 
some restriction upon these afilicted per- 
sons. As far as we ate able to judge, 
the deadly deteriorative character which 
is so clearly seen in most of these cases 
can be gotten rid of only by cutting the 
bearer off, and there is no justice in giv- 
ing them the same privileges as are en- 
joyed by the normal. The difficulties in 
the case arc acknowledged to be great, 
but this is all the more reason for taking 
hold of the matter promptly. 

Recently a more optimistic attitude 
towards the feebleminded has been 
taken. The late Dr. Pemald, than whom 
no one was more competent to speak, 
held that only about 10 per cent, of the 
feebleminded are anti-social and vicious. 
The remainder can be handled and many 
of them made useful citizens within their 
class by education and supervision. 
Those who are trained do not differ 
markedly from normal people in respect 
to the number of children they produce. 
In view of the fact that only about 50 
per cent, of the feebleminded are such 
through the inheritance of defective 
germ plasm, and that there is a tendency 
for the inheritable healthy qualities of 
germ plasm to outnumber and gradually 
supersede the unhealthy traits, it is pos- 
sible that the offspring of such people 
through several generations may im- 
prove. For those feebleminded whose 
condition is due to post-natal conditions, 
no special precautions are required in 
this respect, since acquired character- 
istics are not inheritable. As Professor 
Conklin says: “Wooden legs are not in- 
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heritod, but wooden heads are." Fer- 
nald’s estimate of the number of feeble- 
minded is, however, considerably greater 
than that shown in the draft figures 
quoted above, if we may apply to the 
whole United States those given for 
Massachusetts. In that state, with a 
population of approximately three and 
one half million, there are at least sixty 
thousand intellectually subnormal per- 
sons. For the entire United States this 
would give a figure approaching two 
million. Quite recently Dr. George K. 
Pratt, of the National Committee for 
Mental Hygiene, has emphasized this 
more hopeful outlook. The 10 per cent, 
of feebleminded who are vicious is found 
almost exclusively among the neglected, 
most of whom, if given a fair oppor- 
tunity by training and supervision, 
would lead well-behaved lives. A recent 
survey in New York shows that only 7.6 
per cent, of the jail and penitentiary 
inmates studied were definitely mentally 
defective, and the addition of the bor- 
derline and dull-normal groups only 
brought the total to 20.3 per cent. 

He endorses the program first pro- 
posed by Pemald, which may be summed 
up as identification, registration, educa- 
tion, training, supervision and perma- 
nent segregation for defective delin- 
quents and the lower, helpless group of 
feebleminded. Sterilization is definitely 
rejected as a solution of the problem. 

In thinking of this subject, too many 
people are inclined to consider only such 
evident cases as are more or less apt to 
come under official recognition. There 
Ls, however, a large class made up of 
people who are often extremely likable, 
attractive and who are ordinarily free 
from criminal tendencies. They are, 
however, mentally incompetent to make 
a living or to realize the responsibilities 
of life. They are easily led and sooner 
or later are apt to drift into lives which 
bring them into the criminal courts. 
These people marry — or do not marry — 


and beget their kind indiscriminately. 
It is always a matter of comment that so 
much more is done for animals than for 
humans. Those who resort to every sort 
of quackery for themselves and their 
children demand the best educated 
veterinarians and use the most modem 
methods in caring for their fiocks and 
herds. The same thing holds in regard 
to eugenics. In breeding live stock, the 
selection of the parents is a cardinal 
principle. The veriest tyro knows that 
animals are not bom equal. The good 
livestock breeder selects the best and 
makes sure that the inferior animals 
leave no progeny. Only those — and 
there are none who are competent to 
speak — who deny the overwhelming in- 
fluence of heredity deny these facts and 
use inferior animals as breeding stock. 
We do not pretend to put the lower ani- 
mals on the same level with man, but 
there is no doubt that we could learn 
some useful lessons if we studied the 
lower animals and the methods of stock- 
raisers a little more closely. Religion, 
race, customs, emotions and humanity 
all influence us. It is a poor humanity 
which allows the propagation of the 
unfit. 

Among the remedies for over-popula- 
tion with its many attendant evils, birth 
control seems to be the most popular at 
the present time. It is one of the fore- 
most questions in England and has 
gained great headway in America. It is 
within the truth to say that it is en- 
dorsed by practically all the leading 
biologists of the country, by many econ- 
omists and sociologists and some clergy- 
men. In England it has the support of 
many clergymen of high standing. 
Some of the arguments for birth control 
must appeal to every thoughtful person. 
Every child in a small family is brought 
up on a higher standard of living, 
receiving proportionately a greater 
amount of attention and has opportuni- 
ties for a better start in life. The argu- 
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moit that the health of the parents of 
small families is better does xu>t semn 
to be entirely sound, but where the 
(dioice lies between abortion on the one 
hand and birth control on the other, 
this argument may hold true. On the 
other hand, the objections to birth con- 
trol are too manifest to be passed over 
lightly. It is already being practised in 
one way or another by those best fitted 
to perpetuate desirable families. Any 
restriction which would reduce the num- 
ber of offspring of desirable parentage 
below the minimum required for the per- 
petuation of the stock is bad from every 
standpoint and is more apt to lead to 
the loss of good stocks than to prevent 
the perpetuation of poor ones. The 
preservation of good stocks is immensely 
more important than the prevention of 
increase among the inferior. 

We do not know enough to speak 
positively of the advantages of the small 
family. Many notable persons have been 
meml^rs of large famiUes and have been 
well down in the long list of children. 
Sir William Osier was one of these, the 
youngest in a family of nine. The small 
family idea proposed by the Neo-Mal- 
thusians would have deprived the world 
of many of its greatest lights. The 
whole question is bound up with reli- 
pons, social and economic conditions. It 
offends certain churches particularly, 
but generally speaking all Christian 
churches as well as the Jews condemn 


interfermice withproexeatiott. 
lieve this to be a tma pletaM ot tbi 
situation, we must of neeessi^ staB^ 
against it, at least until we know a great 
deal more than we do at the pipesent 
time. 

The answer to the question pro- 
pounded in the title of this paper is not 
clear. From the bidogical standpoint 
there seems no possibility of producing 
a superman. We tend to mediocrity 
through the very fact of the large num- 
ber of ancestors each of us have. If the 
best could be mated always with the 
best, unquestionably we could produce 
results similar to those seen in the 
breeding of the lower animals and of 
plants. Eventually all the oflOpring 
would tend to be superior and the su- 
periority would be maintained as long as 
this type of mating was kept up. It 
seems impossible ever to expect any- 
thing of this sort. 

We must conclude, then, that our 
present measures will continue to save 
more and more lives. The good and the 
bad will alike be saved. Our present 
standards will not permit of any lessen- 
ing of our attempts to save lives and 
better conditions, nor do any people 
exist who would propose a lowering of 
standards. Within the next few hun- 
dred years the problem of overcrowding 
will have reached a point requiring at- 
tention and a change in attitude will 
almost certainly be noticed. 
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By Dr. WENDELL P. WOODRING 
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Fossils are tho remains or traces of 
niiimals and plants that formerly lived 
on the earth. A footi)rint, a leaf imprint 
and a worm burrow are fossils every bit 
as much as l)ones and shells. Nor is it 
essential that these remains be turned to 
stone. Jinny animal fossils consist of 
the same matoi*ial found in the hard 
parts of livinj? animals, but other fossils 
are completely chanj^ed to ston<‘ or tin* 
()ri*>:inal material may have disappeared, 
leavinj^ only a mold. Fossils may be of 
any a^(*. Tln'y may have* lived millions 
of yea IS a^o, or they may be only a few 
years old. An example is shown by the 
limb bone of a cow that was found partly 
buried in the pfround. The part b(‘low 
the ground was petrified and was as 
stony as any ancient fossil, but the ])art 
above ground was entirely unchanj^ed, 
except that it was weather-beatem. On 
some of the West Indian islands 
str(*t(*hes of beach can be found that are 
chanj^(‘d to limestf)ne rock, but the shells 
and other remains buried in the solid 
ro(‘k are perfectly fresh and the dried 
skin still clinj?s to some of the shells, 
showinfj: that the b<‘ach was transformed 
to rock only a lew years ago. 

At many places fossils are so abundant 
that they naturally attract(*d atti’iition 
lonj? before the rise of modern science. 
During this period many curious beliefs 
arose as to how fossils got into the rocks. 
By SOUK* they were regarded as the re- 
sults of some mysterious force that arose 
from the earth or the .star's. OtluTs 
thought they were freaks of nature or 
models discarded by the Creator. And 

’ One of the Sniith.sonian series of radio talks 
arranged by Mr. Austin TT. ('lark and broad- 
casted from Station WR(\ Wasliington. 


others considered thi'in convincing evi- 
dence that at one time tin* (*ar‘th was de- 
vastate<l by a flood. One enthusiastic 
sup[)orter of this bt‘!ief fouml some bones 
that he was convinced were tin* remains 
of one of the wicked men. whose sins 
brought U])on the world the dirc^ mis- 
fortune of the deluge*, and he named 
these r(‘mains “The man who witn(*ssed 
the Hood” at l(‘ast that is the Fnglish 
(‘(piivalent of the Latin name. As a mat- 
te*]* e)f fact it was later elisce)V(*reel that 
the*se bone\s belonge*el te) an extined giant 
salamaneler. Ane)lhe*r su])])e>i*te*r e)f this 
belie'f e*e)ne*luele*d from a stuely of fossil 
fruits that the deduge be'gan in autumn. 
A ](*arne*el pre)fesse)r, whei believeel that 
lo.ssils were toi'menl by the eai'th, e*are^- 
fully elese‘ribe‘el as fe)ssils an amazing 
array of suns, me>ons, stars anel Ilidiraie 
ledters that his stuelents plant(*el in epiar- 
ries. AYhen he* dug up his e)wn name tlie 
secret was emt anel he vainly attemiHed 
to buy up anel ele_'slre)y all the copiers of 
his bemk. Iiee)nareIo da Vinci, the gi'cmt 
Italian ariist anel engine*e*r, was erne of 
the fiiNt to .show in a. convincing manner 
that fe)ssils are the remains of animals 
anel plants that actually liv(*el where 
th(\v now are femnd. Althenigh se)mc 
pee)ple e*ven now b(*lieve that fo.ssils we*ro 
put in the roe*ks by the devil to (*onfuse 
man and e)t hex's .still believe that they 
are sure signs e)f whedesale destruction 
by a wo rid- wide deluge, it is e‘le*ar tliat 
they get into the rocks by natural means 

by means that can h se(*n in operation 
now. 

Fvery one* knows that when animals 
and ])lants lie on the surfae*e of the 
grounel after death they gradually de- 
cay and crumble. In order to be pro- 
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A GEOUXD-SLOTH IS TRAPPED IX THE STICKY ASPHALT. TWO OTHER GROUXD-SLOTHS ARE READY TO DEFEND THEIR COMPANION AGAINST THE 
SNARLING SABRE-TOOTH TIGERS. IMPERIAL MAMMOTHS AND GIANT WOLVES CAN BE SEEN IN THE DISTANCE. FrOM A MURAL IN THE AMERICAN 

Museum op Natuiial History painted by Charles R. Knight under direction of Henry Fairfield Osborn. 
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A PETRIFIED TREE TRUNK TN YELLOWSTONE NATIONAL PARK 

This thee, wuk’h is standing where it grew, was buried by showers of ash from 

VOU^ANOES. 
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Smithsonian Institution 

MIDDLE CAMBRIAN SEA ANIMALS FROM BRITISH COLUMBIA 

XfilLOBITES AND CRABS FROM A FAMOUS LOCAUTY DISCOVERED BY Dk. C. D. WaLCOTT, SECKETAJIY OF THE SMITHSONIAN INSTITUTION, 
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served as fossils it is essential that they 
be buried. Only the hard parts of ani- 
mals generally arc ])reserved, for the 
soft parts arc eaten by seavengei's or de- 
cay. Under exceptional conditions the. 
.soft parts are found in virtually perfect 
condition. In the frozen ground of 
northern Siberia specimens of elephant- 
like animals, called mammoths, and of 
the wooly rhinoceros, both of which lived 
during the Ice Age, are found with flesh, 
hair and wool preseiwcd. The flesh of 
these animals can be eaten, although 
they have been in cold storage for some- 
thing like fifteen thousand yeai*s, whicli 
is a record for cold storage meat. The 
contents of the mouth and stoma(*h of 
the Siberian mammoths even show what 
kind of plants these animals fed on. A 
less perfectly preserved mammoth hav- 
ing j)arts of the flesh and hair intact has 
also been found in Alaska. Though ac- 
tual fle.sh is found only in these rela- 
tively recent fossils, the skin of much 
older animals may be preserved because 
it was thoroughly dried before the car- 
cass was buried, and the muscle fibers of 
some very^ amuent fisli (*an be recognized 
on account of the replacement of the soft 
ti.ssue by mineral matter. When worms 
and other soft-bodied animals are <pn(kly 
buried by mud that prevents bactenal 
decay, they leave impressions that may 
show not only the surface but also the 
intenial structure. Such fossils are 
found oven in very ancient rocks, but 
thev are rare. 

The most abundant fossils are the re- 
mains of animals and plants that live<l 
in the sea. No matter whether (hey live 
on the bottom of the sea or on the sur- 
face, the hard paHs of sea animals col- 
lect on the bottom after they die and 
after the scav(*ngei's have done their 
work. There they are coverc'd by gravel, 
sand or mud carried in by streams and 
washed about by the sea. Any one who 
has walked along a beach can see that 
shells and other remains that are rolled 


by the waves arc badly battered and 
broken up. Such batteml fossils are 
found in an(*ieut beach deposits. If the 
remains arc buried in quiet water or at 
a depth beyond the effects of waves the 
fossils may be as perfect as the same 
parts in living animals. In the deep 
ocean basins, where deposits accumulate 
very slowly, the teeth of giant sharks 
and the ear bones of whales, long extinct, 
may even now be only partly buried. 
Many sea animals and plants die and are 
buried at the i)lace where they lived. 
Corals and other reef-making animals 
and plants are killed by change's in the 
temperature or depth of the water, or 
are smothered by mud and sand. In- 
credible numbers of fossil fish are found 
in thin layei*s of rock in California and 
at other places. They probably were 
killed by being stranded in shallow bays 
into which they were driven by their 
enemies or during stonns, just as her- 
ring are sometimes .stranded by millions 
in our norlliern harbors. The decompo- 
sition of the stranded fish pollutes the 
w'ater and kills other sea animals, all of 
which would become fossils if they W(Te 
buried before they com])letely decayed. 
(\)mplet(» .skeletons of .sea mammals — 
whales, dolphins, porpoi.ses, seals and 
walruses- generally are rare, for the 
bloated carcasses float on the water and 
tlie hones are scattered, but at places, 
.such as a famous locality in Belgium, 
many carcasses drifted into a cove and 
were stranded and buried there. Re- 
markably j)erfeet sea reptiles showing 
the outline of the body, which also repre- 
sent carcasses stranded in fine mud, are 
foimd in England and in southern Ger- 
many. When any of these dcpo.‘‘its that 
were laid down in the sea are brought 
above .sea level b\ elevation of the land 
or by retreat of the sea, the fossils can 
bo seen embedded in tbe rocks, although 
the originally loose deposits may be 
changed to .solid .stone and tbe fossils 
tbcm.selves may be completely altered. 
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FOSSIL PLANTS OF EOCENE AGE FliOM TEXAS AND LOUISIANA 
Fungi piiESEUVEU in I’Ethified wood (kios. 1 and 2), a (’one (fig. ri). 


The bones and teeth of land animals 
are buried in stream and lake deposits, 
or by showers of voh^anic ash and by 
wind-blown sand and dust; or the ani- 
mals are bogged in mud holes and 
trapped in quicksand. Fossils in coarse 
stream deposits, like fossils in beach de- 
posits, are worn and battered. At a 
locality in western Kansas the skeletons 
of nine peccaries, or American wild pigs, 
were found crowded together with their 
heads all pointing in the same direction. 
These animals apparently were killed 
and buried by a sand storm. The wind- 
blown dust deposits of the pampas of 
Argentina contain many queer-looking 
extinct animals found in no other conti- 
nent, for South America was separated 
from North America for a long period 
and developed its own peculiar animals. 

Elephant-like animals, called masto- 
dons, recently discovered in southern Ari- 


zona, were mired in boggy mud holes ad- 
joining springs. Some of their limb 
bones arc found in erect position and the 
toi)s of the skulls are crushed in as 
though they were trampled on by other 
animals coming to the water holes. Cave 
deposits have yielded many interesting 
fossils. Some of these caves were the 
homes of beasts of prey and the fossils 
found there are their own remains and 
the remains of their victims. Other cave 
deposits are gashes into which animals 
fell and into which carcasses and bones 
of other animals were washed by rains. 
A crocodile, tapii‘s, peccaries, an ante- 
lope similar to the African eland and 
other animals that seem out of place in 
eastern United States were found in a 
cave near Cumberland, Maryland. Al- 
though fossils have been discovered in a 
few other caves in this country, no syste- 
matic attempt has been made here to ex- 
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Caxna leaves. 


plorc eaves for fossil animals. Rancho 
la Brea, within the city limits of Los 
Angeles, where asphalt has acenmulated 
from escaping oil, is the most spoctaenlar 
fossil locality in America. Here animals 
that lived during the Ice Age were 
trapped in the sticky asphalt. Animals 
that were caught served as bait for 
beasts and birds of prey and they in 
turn were trapped in great numbers. 
Water birds were caught along the edge 
of the pools of water that collected on 
the asphalt. More than sixty giant 
ground-sloths, two thousand saber-tooth 
tigers, three thousand giant wolves, to 
say nothing of short-faced bc*ars, lions, 
camels, bisons, peccaries, horses, tapirs, 
mastodons, mammoths and many other 
animals and a great variety of birds 


have already been dug out of the as- 
I)halt. Despite the great number of ani- 
mals 1rapp(‘d, eom[)letc skeletons with 
the bones in place are rare, principally 
because the bones were separated by 
movement of the plastic asi>halt. At an- 
other famous locality in BavaHa fine 
muds, which now are quarried as litho- 
graphic stone, w('re laid down in lagoons 
behind reefs. These muds contain many 
remarkable fossils that lived long before 
modem animals appear(‘d. Flying rep- 
tiles and the earliest known bird — a bird 
that had teeth and n hackbone down its 
tail — fell in the mud and were covered 
by wind-blown dust. Impressions of the 
feathers of the bird are faithfully pre- 
served. Sea animals were brought in 
alive when the lagoons were flooded and 
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MIDDLK (CAMBRIAN WORMS FROM BRITISH COLUMBIA 


AlilllOUiSH THESE KOKRir.S ARE MANY MILLIONS OK YEARS OLD, THE DETAILS OK THEIR STRUCTURE 
ARE FAITHFULLY PRESERVED IN THE FINE MUD IN WHICH THEY WERE BURIED. 
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signs of the death struggles of some of 
them can plainly be seen. Here and at 
many other places impressions of insects 
are preserved in fine mud, but the most 
comijlete fossil insects, as perfect as they 
were when they died, are found in the 
resinous gum of pine trees that has 
hardened to form amber. 

Land plants are found in stream, lake, 
swamp and lagoon deposits. Loaves that 
fall in mud or sand leave imprints that 
become fossils if they are buried before 
they are destroyed. Su(*h imprints are 
the most common plant fossils. In fine 
mud all the details are clearly shown. 
The plant tissue may disappear or it 
may remain as a film of carbon or as 
mineral matter that has taken its place. 
Tree trunks firmly rooted in the soil in 
which they grew have been uncovered. 
Wood that was buried and then petrified 


is common. Some of the most remark- 
able plant fossils found in America are 
fungi preserved in petrified wood. A 
locality in France is famous for leaves, 
fruits, seeds and flowers that fell in 
water rich in lime and were incrusted 
with lime. 

When everything is considero<l it is 
remarkable that such a great variety of 
fossils has been dug up. All these re- 
mains represent animals and plants that 
happened to be buried before they com- 
pl(‘tely decayed. Kven then they would 
r(»niain undiscovered unless they were 
bi-ought to light in some natural or arti- 
fical excavation. Every year expeditions 
uncover and collect new material and the 
number of these animals and plants, 
some of which are grotesque beyond be- 
lief, is continually being added to. 



ARE THE HEAVENS FULL OR ARE THEY VOID? 
A HISTORY OF HYPOTHESES 


By Professor FLORIAN CAJORI 

UNIVERSITY OF CALIIf'ORNIA 


I. Desiurtes' Theory of Vortices 

Aristotle in his “Physics’* and his 
b(X)k on the “Heavens” ar^^ned against 
the existence oC a vacuum and filled tJie 
universe with a very thin liypotlictical 
medium or plenum. After him, for 
nearly two thousand years, the universe 
was usually (*onceived to be a vast void. 
Then <*Hme tiu* speculations of the great 
Frenchman, Rene Descartes. Jlis me- 
elianical liypothesis regarding the causes 
of the motions of heavenly bodies w'as 
advanced in 1644.^ At that time the 
Copcrnicaii system was a century old. 
Kepler liad established liis three laws of 
planetary motion; Galileo had directed 
the telescope to the sun and seen sun 
spots, to the moon and had seen craters, 
to the planets and seen Saturn’s ring 
“three-fold.” A knowledge of how the 
heavenly bodies moved raised the ques- 
tion of tvhy they moved. Galileo, in one 
of liis Dialogues, lets Simplicio say, 
“The cause of this is most manifest ; and 
every one knows that it is gravity.” To 
which Salviati replies: “ I do not ques- 
tion you about the name, but the essence 
of the thing, of wliich essence you know 
not a tittle ...” Descartes’ theory 
supplied a reason wliy, which captured 
the uncritical imagination of men of his 
time. Descartes made the sun the cen- 
ter of a great vortex or whirlpool of 
subtle transparent matter of interplane- 
tary space, within which were smaller 

1 Doscartes, '^Principia philosophiae, ' * 
Anmtcrdam, 1(544. See * ‘ Oeuvres do Descartes ’ ’ 
edited by C. Adam et P. Tannery, Vol. 8, 1904. 
The translation into French of 1647 is in 
^'Oeuvres/’ Vol. 9, 1904. 


vortices. He compared his vortices with 
what one sees at a sharp turn of a river ; 
the large vortex at the turn is accom- 
panied by small eddies. The solar vor- 
tex carries the planets around, the inner 
parts of the vortex having a greater 
angular velocity than the outer, thus 
accounting for Saturn ’s thirty-year 
period of revolution to the earth’s onc- 
year period. The planets are the cen- 
ters of smaller vortices ; that of the earth 
carries the moon around in a little over 
twenty-sev’’en days. Stars arc consti- 
tuted like the sun; each star is the cen- 
ter of a vortex. These stellar vortices 
fill all space; they touch each other. To 
avoid disastrous entanglements, contigu- 
ous vortices must rotate in opposite 
directions as would two rotating cylin- 
ders pressing against each other. That 
it is possible to fill space with such vor- 
tices, properly coordinating their move- 
ments to each other, Descartes did not 
show conclusively. His drawings of 
vortices do not clearly explain the be- 
havior of the vortices in three dimen- 
sions. 

This tlieory of vortices offers difficult 
mechanical problems with which the 
science of mechanics of that time was 
unable to cope. Only two of the three 
laws of motion were understood in 1644. 
Descartes’ universe was constituted of 
three kinds of matter, the luminous mat- 
ter of the sun and stars, the transparent 
matter of interplanetary space, and the 
opaque matter of the earth and planets. 
The transparent matter or the carrier 
of light is composed of globules whose 
sizes are intermediate between the vor- 
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tcx matter of the sun and the ponder- 
able matter of the earth. These globules 
are constantly straining away from tlie 
center around which they turn, owing to 
the centrifugal force of the vortices, so 
that the globules are pressed in contact 
with each other. It is the transmission 
of this pressure which constitutes light. 
Colors depend upon the speed of rotation 
of these globules. Vision is due to pres- 
sure wliich we perceive in the same 
manner as a blind man perceives objects 
by the pressure these objects exert 
against his stick. 

Descartes* exposition of his tlieorios is 
very skilful. The arrangement of the 
subject is orderly; one topic is taken up 
at a time and made clear by an ai)peal 
to intuition and analogy. For example, 
sun-spots are made clear to every one by 
comparison with the froth which gathers 
upon the surface of boiling lifiuors. We 
are tempted to believe that Jules Verne, 
before writing his romances, took lessons 
in the art of exposition from Descartes. 
It would s(*em that Des(*art(\s aimed to 
leave as little as possible for his succes- 
sors to do, for he worked out his theory 
of the universe in almost cv<*ry detail. 
Thus he explained magnetism by assum- 
ing a vortex of fluid matter surrounding 
each magnet. Descartes’ bold mind, fol- 
lowing the method of philosophy, c<»uld 
travel immeasurably farther than the 
modern experimental scientist whose 
cautiousness and submissiveiiess border 
on servility, being willing to take only 
one or two short steps at a time, for fear 
that he might otherwise travel in a direc- 
tion not sanction(‘d by the imperious 
decrees of experimental evidence. 

II. Struggle between ttik Systems of 
Descartes and Newton 

What reception was given to Descar- 
tes’ vortices? Descartes became in- 
volved in controversies, but they did not 
concern his theory of vortices. That 
theory spread as rapidly as possible at 


that time. The original edition was 
written in Latin, which was the univer- 
sal language of philosophy and theology. 
But through the efforts of a friend, a 
French translation, with additions by 
Descartes himself, appeared in 1647 and 
appealed to a wider circle of readers. 
Descartes died three years later (1650). 
Twenty-one years after his death, Des- 
cartes’ vortex theory received a ])opular 
exposition in the famous text-book on 
physics, written in French by Bohault. 
A Swiss physician, Theophilc Bonct, 
made a Latin translation of this text- 
book, whi(*h appeared at Geneva in 
1674 and in London in 1682. Thus 
Knglfind began to use this popular text- 
book five years Ixdore the publication of 
Newton’s ^‘Principia. ” But long before 
this, Cartesian cosmology had invaded 
England. Henry More, of Christ’s Col- 
lege, Cambridge, one of tlie first fellows 
of the Royal Society of London, in his 
earlier years, had hovn in correspondence 
with Desc^irtes and was an admirer and 
supporter of Descartes. More’s friend, 
Joseph Olaiivill, of Exeter College, Ox- 
ford, also a fellow of the Royal Society, 
wrote ap[)reciatively of Descartes’ vov- 
tices. The writings of Robert Boyle 
teem with references to Descartes, '‘the 
most acute modern philosopher” whose 
"great wit” he greatly admired. But 
in Boyle there is only one reference that 
we could find, to the Cartesian theory of 
vortices, and that reference was "with- 
out allowing this hypothesis to be more 
than not very im[)robable. Robert 
Hooke, of London, wrote in criticism of 
some foaturi's of the vortex th<»ory.® 

The struggle between Cartesian and 
Newtonian natural philosophy consti- 
tutes an interesting f»hapter. Descartes’ 
vortices reached llieir greatest popular- 
ity about the time when the validity of 

2 << Works of the Honourable Robert Boyle,'' 
Vol. 5, London, 1772, p. 403. 

3 Robert Hooke, ^ ^ Micrograph ia, " Loudon, 
1665, pp. 60, 61. 
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the hypothesis was being undermined. 
The Cartesian doctrine had elements of 
popular strength. Tlie non-mathemati- 
cian could understand it, but could not 
understand Newton's system. The law 
of inverse squares meant notliing to one 
unaccustomed to mathematical thinking. 
Thus the Cartesian system enjoyed a 
tremendous advantage. On the otlier 
hand the British mathematicians, Hal- 
ley, David and James Gregory, Keill, 
Whiston, Cotes, Taylor, Robert Smith 
and Saunderson favored Newton's doc- 
trines. Newton himself lectured at 
Cambridge as late as 1699, but the de- 
tails relating to liis actinty as a lecturer 
are extremely meager. After 1692 he 
had a long illness. In 1695 he was ap- 
pointed warden of the mint. He was 
succeeded in the Lucasian Chair at 
Cambridge in 1693 by Whiston, who 
lectured on Newtonian philosophy. 
From these facts alone one might infer 
that NewtoiCs system easily displaced 
Cartesian ism in British universities. 
But such w^as not the ease ; the Cartesian 
system displayed w^onderful vitality, 
even at Cambridge. For about forty 
years after the publication of Newton's 
^^Principia" the French system main- 
tained a foothold in England. We cite 
a few facts in support of this statement. 
The essayist, Joseph Addison, of Mag- 
dalen College, Oxford, delivered an ora- 
tion in 1693, six years after the publica- 
tion of Newton s ‘^Principia," in which 
he praises Descartes, “who had bravely 
asserted the truth" against the follow- 
ers of Aristotle.'* Whiston® refers to 
David Gregory's teaching Newton at 
Edinburgh, “while we at Cambridge, 
poor wretches, w^erc ignominiously 
studying the fictitious hypotheses of the 
(-artesian." We have already referred 

< David Browstrr^s ^^Momoirs of Sir Isaac 
Newton, Vol. 1, 2. Ed., Edinburgh, I860, pp. 
291, 292. 

0 Winston’s ^^Monioirs of his own p. 

.‘16, quoted by Brewster, op. cit., Vol. 1, p. 291. 


to the publication in England in 1682 
of Rohault's physics, containing a popu- 
lar exposition of Descartes' system. 
Fifteen years later, in 1697, a new trans- 
lation of that book into Latin appeared 
from the pen of Samuel Clarke, of Caius 
College, Cambridge, whom Whcwell de- 
scribes as a “friend and disciple of 
Newton." While the translation was in 
progress, Whiston expressed himself to 
Clarke on the fitness of such a transla- 
tion in the following terms:® “Since the 
youth of the university must have, at 
present, some System of Natural Philoso- 
phy for their studies and exercises; and 
since the tnie system of Sir Isaac New- 
ton's was not yet made easy enough for 
the purpose, it was not improper, for 
their sakes, yet to translate and use the 
system of Rohault . . . but that as soon 
as Sir Isaac Newton's Philosophy came 
to be better known, that only ought to 
be taught, and the other dropped." It 
should be added that Rohault's was re- 
puted to be by far the best treatise of 
that time on physics in general. 
Clarke's translation, in bett(‘r Latinity, 
played an important role as a text-book, 
both in English and American colleges. 
John Playfair^ says that tliis new and 
elegant tran.slation contained additional 
notes, in which (Clarke explained the 
views of Newton, so that the notes eon- 
Dilncd virtually a refutation of the text, 
avoiding, however, all appearance of 
controversy. Thus, eontinucs Playfair, 
“the Newtonian Philosopliy first entered 
the University of Cambridge, under the 
])rotection of the Cartesian." Play- 
fair's statement needs emendation in one 
respect. (Clarke's edition of Rohault, as 
printed in 1697, did not contain the 
additions as footnotes, but as annotations 
at the end of the volume, which are 

« Brpwster, op. dt., Vol. I, p. 295. 

7 John Playfair, ‘‘Dissertation Fourth” in 
Encyclopaedia Britannica, 8th Ed., Vol. 1, pp. 
609, 610; quoted by Brewster, op. cit., Vol. 1, 
pp. 290, 291. 
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shorter than in the later editions and 
refer to ancient writers, and do not re- 
fiUe Descartes’ theory of vortices. 
Clarke ’s refutation came at a later date. 
Four editions of Clarke’s Latin trans- 
lation appeared. The third, issued in 
1710, differs from the first in having the 
notes, not at the end of the volume, but 
at the bottom of the page as footnotes 
and gi’eatly enlarged. This third edition 
(perhaps also the second of 1703, which 
we have not seen) contains a lUiw anno- 
tation which relates to Descartes’ vor- 
tices and points out conclusively that 
tliesc vortices do not explain tlie facts 
of observation. They do not explain the 
motion of comets which cut the orbital 
planes of the planets at all angles; thej" 
would make a planet move fastest when 
furthest from the sun, while as a matter 
of fa(‘t it moves slowest when in that 
position. 

On this subject, there is given a long 
quotation from Newton’s “Prineipia. ” 
The popularity of (Uarke’s later editions 
of Rohault may be due largely to the 
footnotes. Taken as a whole, tJie text 
was acceptable to followers of Newton 
as well as to followers of Descartes. 
Both sides were fairly ])resented. Pro- 
fessor Playfair calls attention to the fact 
that the tutors in colleges, whose instruc- 
tions ‘‘constitute the real and efficient 
system” in a British university, some- 
times held different views from those of 
the professors. Thus Professor Kcill in- 
troduced in his lectures Newtonian phi- 
losophy at Oxford, but the Oxford tutors 
‘‘were not cast in that mold till long 
afterwards.” Ball states that ‘‘at Cam- 
bridge until recently professors only 
rarely put tlicmselves into contact wuth 
or adapted their lectures for the bulk of 
the students. . . . Accordingly if we de- 
sire to find to whom the spread of a gen- 
eral study of the Newtonian philosopliy 
was immediately due, we must look not 
to Newton’s lectures and writings, but 
among those proctors, moderators, or 


college tutors who had accepted his doc- 
trines.” (’larke’s edition of Rohault 
suited therefore the needs of tutors, 
whichever of the two opposing scientific 
views they favored. That in 1723 
Rohault ’s text was by no means discred- 
ited in England is evident from the 
appearance of an English translation of 
Clarke’s edition, with the notes. Other 
editions of this apiieared as late as 1729 
and 1735. According to llodlay’s life 
of Samuel Clarke, Rohault was still the 
Cambridge text-book in 1730, three 
years after the death of Newton and 
forty-three years after the api)earance 
of New^ton’s “Principia.” It looks as 
if two different practices of instruction 
had been carried on for many years 
witlauit open controversy betw^een the 
tw'o factions, one favoring l)(‘scartes as 
expounded by Rohault, the other favor- 
ing Newion as expounded in Clarke’s 
footnotes, in Winston’s lectures pub- 
lished in 1710 and in the publications of 
Richard Laughton, a noted tutor at 
Clare Hall in Cambridge. Desaguliers,* 
who moved from Oxford to London in 
1713, informs us tliat “he found the 
Newtonian philoso])hy generally re- 
ceived among jicrsons of all ranks and 
])rofessions, and even among the ladies 
by the help of experiments. ” Somewdiat 
at variance with this is the stat(*ment of 
Voltaire, who visited England in 
1727, and declared that though Newton 
survived the publication of the “Prin- 
cipia” more than forty years, yet at the 
time of his death In^ had not above 
tw’^enty followers in England. But 
Voltaire'^’ said also : “ A Frenchman who 

« T. Dosiiguliers, ‘ ^ Physico-Meehaiiical 
Lceturrs, T^indon, 1717; qnotod hy W. 
Whewell, ^‘History of Inductive Sciences,^' 
Vol. 1, 3 Ed., New York, 1S75, p. 42i), 

w F. M. A. Voltaire, quoted by Brewster, op. 
ciU Vol. 1, p. 290. 

ro F. M. A. Voltaire, ‘^Elemona do la philoso- 
phie de Newton,*^ 1738; ^^OeiivroH, Vol. 31, 
1785, quoted by Whcwell, op. oit., Vol. T, 1875, 
p. 431. 
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arrives in London finds a great altera- 
tion in philosophy, as in other things. 
He left the world full, he finds it empty. 
At Paris you see the universe composed 
of vortices of subtle matter, in London 
we see nothing of the kind.” 

On the European continent, the vor- 
tices of Descartes enjoyed a longer life. 
Attempts were made by Huygens, Per- 
rault, Johann II Bernoulli and others to 
remove some of the glaring defects of 
the original tlicory of vortices, but by 
the middle of the eighteenth century the 
Newtonian system liad gained complete 
ascendancy. 

III. Thk Eighteenth Century 

The hold of Descartes^ cosmology 
upon the minds of men in the early part 
of the eighteenth century is apparent 
from the fact tliat Roger Cotes wrote a 
long preface in the second edition of 
Newton’s “Principia,” 1713, in which 
he argues against Descartes’ theory of 
vortices. The statement frequently 
made, that it was in this preface that 
Cotes advanced the theory of ” action at 
a distance,” needs qualification. Cotes 
doe,vS not use the phrase ‘^action at a 
distance,” nor docs he explicitly advo- 
cato the view that celestial spaces are 
void. He does argue that if a celestial 
fluid exists it ”has no vis inertiae, 
because it has no resisting force.” The 
implicating sentences of his preface read 
as follows: ” Those who would have the 
heavens filled with a fluid matter, but 
suppose it void of any vis inertiae, do 
indeed in words deny a vacuum, but 
allow it in fact. For since a fluid mat- 
ter of that kind can no ways be distin- 
guislied from empty space, the dispute 
is now about names and not the nature 
of things.” Perhaps Cotes avoided an 
explicit avowal of hisi belief in empty 
space, because of Sir Isaac Newton’s 
firm belief in the existence of an ether. 
Samuel Clarke was more definite. In 


one of the footnotes to his later editions 
of Bohault he refers explicitly “to that 
immense Space which is void of all 
matter. ’ ’ 

While Descartes had aimed to explain 
all celestial phenomena by one and the 
same theory, Robert llooke and Chris- 
tian Huygens confined their attention to 
the subject of light, postulated the ex- 
istence of an ether and set up a wave- 
theory. Experiments indicated that 
light travels through a Torricellian 
vacuum and also through an air pump 
vacuum. Hence the ether must be pres- 
ent in these vacuums and must penetrate 
all matter. Newton pustulated not only 
an ether, but also flying corpuscles. 

It thus appears that in the seventeenth 
century, after the publication of Des- 
cartes’ vortex-theory in 1644, the 
heavens were not a void but were full 
of some sort of a medium. At the be- 
ginning of the eighteenth century, Des- 
cartes’ vortices began to be discredited. 
With the mass of thinkers, the elimina- 
tion of Descartes’ vortices left celestial 
spaces empty. We have seen that such 
emptiness was implied in the arguments 
of Cotes and was definitely asserted by 
Samuel Clarke. The ether of Hooke, 
Newton and Huygens was discarded. 
Individual thinkers of the eighteenth 
century, as Leonhard Euler, Benjamin 
Franklin and some others, continued 
their adherence to a universal ether, but 
to the great majority of scientists inter- 
planetary spaces were void. 

IV. The Nineteenth Century 

At the opening of the nineteenth cen- 
tury, Thomas Young in England and 
Fresnel in France revived the wave- 
theory of light as offering superior ex- 
planations of reflection, refraction and 
interference phenomena. The wave- 
theory brought back the luminiferous 
ether, and the heavens were full once 
again. This theory was put to a severe 
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test to explain the polarization of light. 
Fresnel and also Young were driven to 
the assumption that light-waves have 
vibrations transverse to the direction of 
propagation, and this in turn necessi- 
tated an ether that was an elastic solid, 
for an elastic fluid like air would admit 
of only longitudinal vibrations. And if 
this ether is an elastic solid, how can the 
planets move through it without hin- 
drance? Do the planets slacken in their 
revolutions? Many centuries of astro- 
nomical observation show no trace of 
such retardation. Fresnel concluded 
also that the ether possesses greater den- 
sity in matter than in free space, and 
this density varies in different directions 
within a crystal. Part of this dense 
ether travels with the body, namely, that 
part that constitutes the excess of its 
density over the density of the ether in 
free space, and the remaining part of it 
is at rest. Fresnel and Young did not 
succeed in giving a rigorous dynamical 
theory of the ether. 

Attempts at such a tlieorj’' were made 
later by Navier, Cauchy, Neumann, Mac- 
Cullagh, Stokes, Kelvin, Helmholtz, 
Larmor and others. IIow can the ether 
be a solid and yet permit the planets to 
move freely through it? Stokes and 
Kehdn pointed out that such substances 
as pitch and shoemaker’s wax, though so 
rigid as to be capable of elastic vibra- 
tion, are nevertheless sufficiently plastic 
to permit other bodies to pass slowly 
through them. In other words, the 
ether may behave like an elastic solid 
for very rapid vibrations, and yet yield 
like a fluid to the slow progressive mo- 
tion of a planet. Does the planet carry 
the ether along with it, or is the ether 
undisturbed by the motion of the planet, 
or is there perhaps a partial drift of the 
ether? This question arises in the ex- 
planation of a phenomenon known as 
Bradley’s aberration of light — the an- 
nual shifting of the direction, due to the 
motion of the earth, in which a star is 


seen. The principle of this shifting is 
familiar to us in rain falling vertically, 
which seems, Avhen we run forwards, to 
be coming into our faces. Bradley him- 
self found an easy explanation of this 
phenomenon on Newton’s corpuscular 
theory of light, for the corpuscle acted 
similarly to the raindrop in our illustra- 
tion. On the wave-theory, this aberra- 
tion was difficult to explain. Young and 
Fresnel assumed for this purpose the 
ether undisturbed by planetary motion, 
like air quiescent to the motion through 
it of a swarm of bees. But if ether is 
not moved in the least by bodies passing 
through it, how can one explain the in- 
teraction between the ether and ordinary 
matter, as seen in everyday light phe- 
nomena? IIow can a light wave cause 
molecular motion called heat? In 1845, 
Stokes“ replaced this ''startling hy- 
pothesis” by the assumption that the 
ether close to the surface of the earth is 
completely dragged along by the earth, 
while higher up it is only partially 
dragged, and ''at no great distance, it 
is at rest in space. ” On this supposition 
Stokes endeavors to explain Bradley’s 
aberration and some other phenomena, 
but he was not altogether successful. 
An experiment which at the time was 
interpreted as confinning Stokes’ as- 
sumption of an ether-drag was made by 
Pizeau. He sent rays of light in oppo- 
site directions through running water 
and obtained results which seemed to 
show that the water partially dragged 
the ether along in its course. More re- 
cently this same experiment received a 
wholly different interpretation by Ein- 
.stein on his special theory of relativity. 

A different movement was initiated 
by Clerk Maxwell. He was deeply im- 
pressed by the ideas of Faraday con- 
cerning electric action transmitted 
through a medium. On the belief in the 
simplicity of nature, Maxwell assumed 

11 Q-. G. Stokes, Philosophioal Magcteine, 3d 
Series, Vol. 27, 1845, pp. 9-15. 
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tlmt the medium transmitting electric 
action was the same as the medium which 
transmitted light. The question arose — 
What are the properties of a medium 
transmitting electrodynamic effects ? — 
and he found that such a medium would 
transmit waves with the velocity of light. 
Thus arose the electromagnetic tlieory 
of light. It was the ora in England of 
model making. Distrusting mathemati- 
cal symbols that had not a fully defined 
meaning, there arose a demand for a 
mechanical model exhibiting the stresses 
and strains bringing about the aetions 
to be explained. Hut in recent years, 
this pliase of his work has been ])usli(‘d 
into the background. Tt is not Max- 
wells effort along the line of model 
making, but his differential equations 
which are now proving to be ol* funda- 
mental interest. As Jeans recently 
pointed out, Weyl generalized Einstein’s 
theory ol* relativity so that it accounts 
not only for gravitational phenomena 
but also for electromagnetic phenomena, 
and arrived at e<iuations whieli are iden- 
tical with the electromagnetic equations 
of Maxwell. It appears that Maxwell’s 
equations are capable of interpretation 
under various different conditions and 
therefore possess qualities almost magi- 
cal. In the words of Goethe’s Faust, it 
has been asked, “War es cin Oott, der 
diese Zeichen schrieb?’^ The great cor- 
relation which Maxwell’s theory estab- 
lished between light and electromagnet- 
ism was attractive to many minds, but 
not to all. Lord Kelvin, for instance, 
was apathetic to MaxwelFs theory. The 
mechanical properties of Maxwell’s 
ctlier were not clearly defined; hence 
Kelvin clung to the elastically solid 
ether. 

V. The Michki^on and Morley 
Exi^eriment 

All in all a free ether which was not 
dragged along by moving bodies was pre- 
ferred by physicists of that time. Cer- 


tain plienomena remained unexplained 
by the free ether, but w^ere not consid- 
ered necessarily incompatible with it. 
The equanimity of i)hysicists was rudely 
disturbed in 1887 when Miehclson and 
Morley, at the Case School of Applied 
Science at Cleveland, Ohio, perfonned 
their famous experiment which, accord- 
ing to the old mode of interpretation, 
indicated that the earth drags the ether 
with it completely or almost completely; 
that is, the ether moves with the earth. 
The exp(‘riment caused consternation 
among pliysicists. Glazebrook^^ in 1896 
exclaimed, “We are still waiting for a 
second Newton to give us a theory of the 
ether wliich shall include the facts of 
electricity and magnetism, luminous 
radiation, and it may be gravitation. “ 
Kelvin’'* in 1900 spoke of “two clouds “ 
obscuring “the beauty and clearness of 
the dynamical theory wliich asserts light 
and heat to be two modes of motion.’’ 
One of tlie clouds was the unexplained 
Michelson and Morley experiment. 

Of the various suggested paths of 
(*scape from this difficulty, the one upon 
which special attention came to be 
directed was iiointed out independimtly 
by G. P. Fitzgerald and II. Lorentz. 
Both made the assumption that a mov- 
ing body contracts along the line of its 
motion. A yard stick is shorter when 
moving in the direction of its length 
than when it is at rest. On this assump- 
tion the Michelson and Morley experi- 
ment could be explained, oven though 
the ether be taken to be stationary, not 
moving with the earth. The strangeness 
of this contraction hypothesis was partly 
removed by an explanation of it on the 
electric theory of matter. Lorentz went 
further and, on this hypotliesi.s, deduced 
mathematically addition theorems for 
distances and for time, which deviate 

12 R. T. Glazobrook, ‘‘James Clerk Max- 
well,^' New York, 189(5, p. 221. 

13 Kelvin, PhiloffopMoal Magazinf>, 6th Scries, 
Vol. 2, 1901, p. 12. 
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jliilp^lblMiim AS tiM *‘li(«Mlt8 tXBtlA* 
iplttiliibAs.'^ He mede a doie ap* 
piMMiidii to tbe nkodeni. tlw <»7 of xelativ- 
Vif* tfw azmoniMemetit bjr Binstem of 
^ KIM^ themry of rdativity in 1905 
and tItA gitteral tlieory in 1915 are 
eventa in i^pecnlatiTO pli^ea which are 
even mote apMtaeular the experi- 
menhid teralta of Midielson and Morley. 
^faMefet^w hoilt hia titeories without the 
nae of the ether. He did not deny the 
ezistenee of some kind of an ether, but 
ftsr hia immediate needa it was superflu- 
oua. In hia little bodk entitled “Side 
li^ita on BelatiTity,’* Einstein ex- 
presses explieitly his belief in an ether — 
not tile ethers of the nineteenth century, 
not the ethers of Fresnel, Stokes, Kelvin 
and Maxwell; those he ccmsiders to be 
gene forever— but an ether which may 
to made to explain the Idnks and twists 
in the neighborhood of gravitational 
masses. As yet this new ether of Ein- 
stein has not yielded such ^lanatimis. 
It is like Samson shmm of his locks. It 
is not playing a real rdle in phymca. In 
fact, some devotees of relativity discard 
ether theories altogether. 


V. Lb ths I^BCun Relativity 
Theory DoovEot 

For several years Einstein’s relativity 
theory remained practically unchal- 
lenged by experimental scientists. All 
observati^ turned out according to its 
predictiona. Astronmners observed that 
there was actually a bending of stellar 
rays of light which pass closely to the 
sun, just as Einstrin had predicted. 
Relativity eo^lained the peculiarities of 
the orbit of Mercury which had been 
mysterious on the old Newtonian me- 
chanics. The diifting to the red of the 
spectral lines of light ftom the sun and 
from other heavy stars was predicted by 
Einstein and was verified in 1924 by St. 
John, of Mount Wilson, for sunlight, 
and in 1825 by W. S. Adams, of Mount 


Wilson, for lii^it firobi a heavy star.?^ 
What was thoui^t mif^t to a ertwial 
experiment between ether theories and 
the theory of relativity was suggested by 
Miehel8on» in 1904^ and by SUb«stein'‘* 
in 1921, It contemplated the study of 
the effect of the earth’s rotation on its 
axis upon the motion of light. It was 
actually i>erformed by Miehelson and 
Gale^^ at Clearing, Illuuns, in 1925. 
Two rays of light were smit in opposite 
directions around a rectan^de of water 
pipe over a mile long, from which tiie 
air had been i>artially exhausted. Ihe 
two rays on returning to the starting 
point showed a displacement of a quar- 
ter of a wave length of the light used, 
an amount which can to explained on 
either of the two theories. If the two 
rays had matdied exactly on returning, 
the Einstein theory would have been 
disproved, but not the etiier theory. 
The experimmit was not decisive be- 
tween the two thecries. The Fitzgerald 
contraction did not require consideration 
here, for the circuit of both rays was 
essentially the same. It is wo^y of 
note that Miehelson ’s experiment of 
1925 indicates tiiat the ether does not 
appreciably participate in the earth’s 
motion of rotation about its aids, while 
his 1887 experiment indicated that the 
ether fully or almost fully participates 
in the earth’s annual motion of trans- 
lation around the sum The two results 
are not considered necessarily in con- 
fiict. Silberstein” says: “If there is an 
almost complete tranriational (annual) 
drag of the ether due to its condensation 
aroimd the planet, there may yet to no 
appreciable rotational (daily) drag.” 

BeitnM, VoL 41, May 8, 1925, p. 10. 

MA. A. Miohelfon, PhUotophical Uugootoo, 
6th Swiea, VoL 8, 1904, p. 716. 

MU SUberatobi, /our. of OpHeat Soe, of 
Amerioa, VoL 5, 1921, pp. 291-807. 

MA. A. MieheUoa and H. O. Gale^ ITaferv, 
VoL 115, 1925, p. 566. 

MU ^bentein, loo. oit., p. 807. 
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Thus relativity has emerged tri- 
tunphant from four experimental obser- 
vations which have been carried on with 
the greatest skill that instrumental 
science of the day affords. But we come 
now to a fifth test, which may be the 
undoing of Einstein’s brilliant generali- 
zation. At the Case School of Applied 
Science and at Mount Wilson, Dayton 
C. Miller'* has been making an extended 
series of experiments with instruments 
more delicate than those used by Michel- 
son in 1887. According to Miller’s an- 
nouncement made at the meeting of the 
National Academy of Sciences at Wash- 
ington on April 28, 1925, and at the 
Kansas City meeting of the American 
Association for the Advancement of 
Science on December 29, 1925, the gen- 
eral result of his observations performed 
on Mount Wilson gives a motion of the 
earth relative to the ether of ten kilo- 
meters a second, while in a basement at 
the Ca.se School of Applied Science that 
motion was less than three and one half 
kilometers. In other words, the ether 
was dragged along with the earth to a 
lesser degree on a mountain top than un- 
derground near sea-level. This result is 
in contradiction with the special theory 
of relativity. That theory does not 
postulate the existence of an ether and 
appears unable to account for the dif- 
ference in the phenomena of light propa- 
gation at low and high levels as exhib- 
ited in Miller’s experiments. It should 
be noted that Miller’s experiments at the 
Case School of Applied Science are not 
in cotiflict with Michelson and Morley’s 
experiment of 1887, made at the same 
place. Michelson concluded that the 
relative motion of earth and ether is 
probably less than seven and one half 
kilometers per second, while Miller with 
more delicate equipment concluded, as 

ivlHyton 0. Miller, Sei&nee, Vol. 61, Jime 
IB, 1925, pp. 617-621; Prooeedmg» Nation<U 
Academy of Soiencet, Vol. 11, 1925, pp. 306- 
314. 


already stated, that it was less than 
three and one half kilometers per 
second. 

However, a bold challenge of Miller’s 
results comes from Eddington,** of Cam- 
bridge, England. He claims that Mil- 
ler’s results are in conflict with astro- 
nomical observations on the positions of 
stars, extending over centuries, and far 
more delicate than Miller’s experiments 
can possibly be. Eddington argues that 
if the ether were dragged along more 
completely at sea-level than at a moun- 
tain top, then this ether would exhibit 
rotary motion resembling eddies in 
water that is traversed by a boat and 
that a ray of light passing through this 
turbulent ether would be bent in its 
course. In consequence there would be 
a difference of as much as seven seconds 
of arc in the position of a star when 
sighted at sea-level and when sighted at 
a mountain top. But no such difference 
has been observed. It will be interest- 
ing to watch the outcome of this conflict. 
In presenting his argument, Eddington 
assumes an ether endowed with certain 
properties. Is it possible that the ex- 
perimental results are all correct and 
that it will be only necessary to recon- 
struct our theories of the ether? Is it 
possible to reconcile Miller’s data with 
astronomical data by an ether con- 
structed with properties somewhat like 
those given it by Stokes,*' Planck, 
Lorentz or Silberstein? 

Very recently a second challenge of 
Miller’s results has come from a physi- 
cist, Rudolph Tomaschek, of Heidelberg, 
who performed two experiments de- 
signed to test the ether drift.** Both 
failed to yield evidence for the motion of 

xoA. 8. Eddington, Nature, Vol. 115, 1925, 
p. 870. 

O. Q. Stokea, PMloeophioal MayaeiM, 3d 
Series, Vol. 27, 1845, pp. 9-15; L. . Silberstein, 
Philo^Mottl Magaeine, 6th Series, VoL 89, 
1920, pp. 161-170. 

» Amalen dor Phytik, 4. S., Vol. 78, p. 743- 
756. 
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the earth through the ether. The nature 
of his two experiments is wholly differ- 
ent from Miller’s. He uses condensers. 
In one experiment Tomaschek employs a 
charged electric condenser which, if mov- 
ing through the ether, should produce a 
magnetic field, but none was observed, 
even when the test was made on the 
Jungfrau, one of the highest peaks in the 
Alps. 

VII, The Present an Age of 
Bewilderment 

Are the heavens full or are they void? 
We answer that we do not yet know. 
There are those who hold that celestial 
spaces are filled, not by an ether, but by 
flying particles of light. The theory 
of relativity rejects all nineteenth cen- 
tury ethers, and some of its adherents 
consider celestial spaces void. On the 
other hand, the theory of relativity it- 
self confronts some ugly facts in D. C. 
Miller’s experiments. But the latter 
have been declared to be in sharp con- 
flict with well-established astronomical 
measurements on the positions of stars. 
Miller’s experiments at Cleveland ac- 
cord fairly well with Michelson and 
Morley’s experiment of 1887 at that 
same place. But this 1887 experiment, 
indicating that the ether moves with the 
earth in its annual path around the sun, 
is difficult to reconcile with Michelson 
and Gale’s experiment of 1925, indicat- 
ing that in the rotation of the earth on 
its axis the ether is not dragged around. 
Those who discard the ether must dis- 
card with it the wave-theory of light 
which has offered very easy explanations 

**See 0. Benedicks, Space and Time,'' 
London, 1924, p. xiv. 


of the optical properties of light, while 
those who reject the corpuscular theory 
find it hard to interpret some of the 
electrical properties of light. Possibly 
a combination of the two theories will 
be helpful, as suggested by Sir Joseph 
Thomson. 

Looking backward and passing events 
in rapid review, we see the heavens as 
full in the writings of Aristotle. Nearly 
two thousand years later, they were 
filled again by Descartes and in a differ- 
ent manner by Hooke, Newton and 
Huygens. Then they were declared 
empty by Cotes, Samuel Clarke and most 
European scientists, only to be filled 
again, during the nineteenth century, by 
Young, Fresnel, Faraday, Stokes, Kel- 
vin, Maxwell, Helmholtz and others. 
Then came the champions of relativity, 
who either assign the ether a very sec- 
ondary place in their speculations or 
discard it entirely. But now they are 
themselves hard pressed in defense of 
their famous theory. 

What about the various hypotheses? 
Were they worth while? We answer 
most positively. Yes. They have not led 
to ultimate general truths, but they have 
been the means of accumulating a large 
amount of experimental knowledge 
which is of value to the material, intel- 
lectual and spiritual life of mankind. 
Scientists have travelled far and seen 
much. Yet they evidently are on the 
verge of seeing new sights which equal 
or surpass anything of the past. They 
are like the explorers on their first view 
of the vastness of the Pacific Ocean, 
who, in the words of Keats, 

Looked at each other with a wild Burmise — 

Silent, upon a peak in Darien. 



THE RELATION BETWEEN CULTIVATED 
AREA AND POPULATION* 

By SIR DANIEL HALL, K.C.B.. LL.D., F.R.S. 


Recent considerations of the problem 
of the capacity of the world to continue 
to feed its growing population appear to 
have begun with the late Sir William 
Crookes’ address as president of this 
association when ho discussed the ulti- 
mate curtailment of the wheat supply 
through exhaustion of the soil nitrogen. 
Crookes’s views attracted little more 
than academic attention at the time 
(1898) because the great tide of wheat 
that was setting in from the newer coun- 
tries still in the process of exploita- 
tion was barely slackening; moreover, 
Crookes had neglected a factor then im- 
perfectly appreciated — ^the fact that 
land under any of the conservative sys- 
tems of farming adopted in the old 
settled countries does not become ex- 
hausted. The recuperative effects of the 
leguminous crops and the assimilation of 
nitrogen by soil bacteria like azotobacter 
have maintained unimpaired the fertil- 
ity of European soils for perhaps thirty 
centuries of cultivation. Of course, 
reckless exploitation, such as the con- 
tinuous growth of wheat and maize with- 
out any manuring, will eventually burn 
out the resources of even the prairie soils 
of the Middle West, and there is evidence 
that some of the long cultivated Indian 
soils are losing fertility if only because 
dung and other residues which should go 
back to the soil are being burnt as fuel 
or sold away; but generally speaking a 
soil will maintain itself indefinitely at a 
certain level of production. Latterly in 
Europe that level has been raised by the 
introduction of extraneous fertilizers. 

1 Address of the president of the section of 
agriculture of the British Association for the 
Advancement of Science, Oxford, August, 1923. 


In his review Crookes predicted the de- 
velopment of the synthetic processes of 
bringing nitrogen into combination 
which are to-day rendering that prime 
element of fertility so abundant and 
so cheap. But, though we no longer fear 
the exhaustion of soils, of late years cer- 
tain sociological considerations have 
revived interest in the old thesis of 
Malthus. Over-population and unem- 
ployment have become terrible realities 
in this and other countries ; many states 
are finding themselves under pressure to 
maintain their standard of living against 
the intrusion of neighboring races 
propagating recklessly down to the 
barest margin of sustenance. Again, 
various studies of the course of prices of 
wheat have led to the conclusion that 
before the war the real price was rising 
continuously, and that this tendency is 
manifesting itself again, however much 
the true sequence of prices has latterly 
been obscured by fluctuations of cur- 
rency. These considerations led Mr. 
Keynes to envisage the approach of 
scarcity: his attitude is very much a 
return to Malthus. On the other hand. 
Sir William Beveridge, addressing the 
economics section two years ago, dis- 
misses this fear as regards the world at 
large, whatever may be the troubles in 
Britain, “the limits of agricultural ex- 
pansion are indefinitely far.’’ On the 
whole that seems a very safe proposition ; 
it has been so amply fulfilled for the last 
hundred and fifty years — during the 
greatest expansion of population the 
world has ever known, that it would 
almost seem to be necessarily true, espe- 
cially as it can be buttressed by agricul- 
tural experiments showing the enormous 
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potentialities of production from the 
soil 

There is, however, one aspect of the 
case that appears to have received insuf- 
ficient attention : the capacity of agricul- 
ture to provide food for the people 
depends upon the extent of land avail- 
able as well as upon the pitch of cultiva- 
tion — ^to what degree can the tuning-up 
of methods be made to compensate for a 
non-expanding acreage? The first step 
towards a more exact consideration of 
the problem may therefore be an esti- 
mate of the amount of cultivated land 
that is required to maintain one unit of 
population — ^man, woman and child. 

We may make our estimates by either 
of two methods — abstract or actual. 
The Food (War) Committee of the 
Royal Society adopted the figure of 
2,618 calories as representing the mini- 
mal daily energy requirement of one 
unit of the population, and calculated 
that the actual United Kingdom con- 
sumption in the five years 1909-1913 
amounted to 3,091 calories per head per 
day. An average English acre of wheat 
yielding 32 bushels will produce food in 
the shape of wheat, flour, and pig ob- 
tained from the offals, of a calorie value 
of about 2y2 millions. As the average 
consumption was about 1.13 million 
calories per head per year, we arrive at 
the conclusion that one acre of wheat 
would support more than two head, the 
relationship being more exactly 0.45 acre 
to feed one unit of population. But this 
figure is of no service in our more gen- 
eral consideration. The yield of wheat 
of 32 bushels per acre is far above that 
of the wheat-producing areas, and is tliat 
of only a few selected countries growing 
but a limited acreage. It is again the 
produce of land under the plough, and 
is consumed in the main as a vegetable 
product. 

The great areas of grassland have a 
lower output of energy than the culti- 
vated land, and the conversion of veg- 
etable into animal food, whether of 
natural or cultivated fodder crops, is 


always attended by a great waste of 
energy. In the most economic produc- 
tion of pig-meat or milk the energy 
recovered is only about one sixth of that 
consumed, and this represents the ma- 
chine at the top of its efficiency. The 
longer period of beef production results 
in a recovery as beef of only one 
eighteenth of the energy consumed, and 
in practice the actual wastage of fodder 
and feeding stuffs doubles or trebles the 
inevitable losses by conversion. And 
just as man is not a vegetarian making 
the most of the mere sustaining power 
of the land, so he does not use the land 
for food alone, but also for drink, for 
wool and fibre and other industrial mate- 
rials, and for amenities. You may re- 
member Maitland argument that in the 
early medieval times of Domesday Book 
and the two or three centuries following 
about one third of the arable land of the 
country was devoted to beer. 

We shall not get far on the theoretical 
basis, and I have only mentioned it as 
indicating the order of the superior limit 
of the maintaining power of land* 

We must approach the question in a 
more empirical fashion and endeavor to 
ascertain the existing relation between 
the land in use and the people fed by it. 
Taking again the estimates of the Royal 
Society ^s Committee, it concluded that 
the United Kingdom production of food 
for the five pre-war years was 42 per 
cent, of the food consumed. 46.7 million 
acres of cultivated land then produced 
42 per cent, of the food consumed by a 
mean population of 45.2 millions, which 
works out to 2.5 acres to each unit of the 
population. This figure, however, is 
somewhat misleading in that it does not 
do justice to British agriculture, since 
our farming is tc a (tonsiderable degree 
concentrated on the more costly elements 
of diet like meat or milk rather than 
upon cereals and sugar. For example, 
49 per cent, of the food production at 
home, as against only 24 per cent, of the 
imported food, consisted of animal 
products. 
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Working on a different basis, Sir 
Thomas Middleton estimated that 100 
acres of British land fed forty-five to 
fifty persons, so that his estimate is over 
2 but less than 2V^ acres for the main- 
tenance of the unit of population. 
Middleton proceeds to estimate that 100 
acres in Germany fed seventy to seventy- 
five persons, or 1.3 to 1.5 acres per unit, 
the advantage being due on the one hand 
to a much higher proportion of arable 
land in Germany, and on the other to a 
dietary in which the energy was obtained 
more economically, i.e., from potatoes 
compared with meat, and in meat from 
pork rather than from beef. 

The importance of this relation be- 
tween cultivated area and population is 
so great, and the calculations by which 
it can be ascertained are so approximate 
and subject to so many estimates of a 
speculative kind, that I may be allowed 
to set out various results obtained by 
different methods. 

We may begin by comparing popula- 
tion and area of cultivated land for all 
European countries except Russia, to 
which we add the United States, Canada, 
Argentine, Australia and New Zealand, 
as the white countries which are also the 
chief exporters of food to Europe. I 
exclude all oriental countries because in 
them the mass of the population pos- 
sesses a different standard of living, and 
I have excluded the other South Ameri- 
can States and the Union of South 
Africa and other African colonies be- 
cause they all possess a very large 
‘‘native’* population and their exports 
do not bulk large in the food account of 
Europe. We must recognize, however, 
that the errors in the calculation will be 
loaded on to one side, because all the 
unenumerated countries, Russia and the 
tropical lands, are to a greater or less 
degree exporters and not importers of 
fo^. Sugar from the East and West 
Indies, rice and similar Oriental cereals, 
copra and other edible oils for margar- 
ine, are but a few of the agricultural 
products which the white population 


consumes from land outside our immedi- 
ate purview. However, with this pro- 
viso we find that in the states enumer- 
ated there are 464.1 million hectares of 
land under cultivation and a population 
of 481.5 million persons, or 2.4 acres per 
head. 

In the United States about 356 million 
acres are in cultivation: from this may 
be deducted as producing exported mate- 
rials, for cotton 24, for wheat 16, for 
maize 2, for meat products 22 million 
acres, or 65 million acres in all. Other 
products are exported but may be re- 
garded as balanced by imports, so that 
we find 291 million acres of cultivated 
land devoted to supplying a population 
of approximately 112 millions, or 2.6 
acres per unit of population. 

France we know is a country that is 
largely self-supporting; it has a popula- 
tion of 39.3 millions and 36.3 million 
hectares under cultivation. To this 
acreage we must add 0.9 million for im- 
ported wheat, 0.5 for other cereals, and 
1.1 for imported meat; the exports of 
wine and fruit we may regard as bal- 
anced off by other imports. The net 
result is approximately 1 hectare, or 2,4 
acres, for each head of the population. 

A similar calculation applied to Spain, 
a country in whose economy neither ex- 
ports nor imports of food play a large 
part, gives over 4 cultivated acres per 
unit of population ; but then the so-called 
“cultivated” land includes a consider- 
able proportion of mountain pasture of 
a very low order of productivity. On the 
other hand, Denmark, with the most 
highly developed agriculture of all coun- 
tries, shows a production well above the 
average. A much closer calculation of 
production is possible for Denmark than 
for other countries — the data are set out 
in Mr. Harald Faber’s paper before the 
Statistical Society in 1924. Denmark is 
a country exporting agricultural prod- 
uce chiefly in its most costly form as 
meat, butter and eggs, but the means for 
equating the export against consumption 
is supplied in Mr. Faber’s paper by the 
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reduction of production and imports to 
food units. Making the necessary cor- 
rections for imports, it would appear 
that for the years 1909 to 1913 the popu- 
lation of Denmark was maintained on 63 
per cent, of the production of her own 
land or 1.82 acres per person. 

Putting the various estimates together 
we arrive at the conclusion that under 
the existing conditions of agriculture 
among the Western peoples it requires 
something between 2 and 2i/^ acres of 
cultivated land to supply the needs of 
one unit of population living on the 
standard of white peoples. 

We may confirm this estimate by a 
consideration of the growth of popula- 
tion during the last century. Between 
1800 and 1920 the number of the white 
peoples increased from about 200 mil- 
lions to about 700 millions. Data, how- 
ever, for the land under cultivation in 
1920 are very imperfect, and again there 
was another factor of improved agricul- 
ture which came into play in the first 
half of the nineteenth century. If we 
take 1870 as our jmnping-off point we 
may estimate the increase in the white 
man’s numbers up to 1920 as approxi- 
mately 225 millions. During the same 
period the addition to the cultivated 
lands in Europe, United States, Canada, 
Argentine, Australasia, and South 
Africa, the countries which have pro- 
vided the white races with food, has 
amounted to about 450 million acres. 
Again we reach a relation between cul- 
tivated land and population of between 
2 and 2^^ acres per head. 

This brings me to the central point of 
my argument that an increase of popu- 
lation is in the first instance dependent 
upon an increase in the area of culti- 
vated land. The expansion of the white 
peoples in the last century was an event 
unprecedented in the world’s history, 
and was achieved only because of the 
vast areas of unoccupied land chiefly in 
the Americas which suddenly became 
available for settlement through the 
power conferred by the railroad, the 


steamship, and modem weapons. It will 
be noticed that the population of Europe 
previously had become comparatively 
stable even as it has become approxi- 
mately stabilized in France at present — 
the expansion came with the opening up 
of the new lands and in proportion to the 
amount that could be settled. 

Accepting as a basis for further dis- 
cussion that under the present system of 
agriculture something more than two 
acres of new land will have to be brought 
under cultivation for each unit of in- 
crease in the population, we may exam- 
ine if any means exist of modifying this 
relationship before considering its conse- 
quences. 

I have already suggested that a vege- 
tarian diet is the more economical of the 
resources of the soil, and that meat and 
all animal products like milk and eggs 
are produced with an expenditure of 
energy which may bo as low as seven but 
also as high as twenty times the energy 
available from them. It is true that to 
a certain extent the animal will utilize 
material otheiwise of little service to 
man, like milling offals and low-grade 
fodder crops — roots, hay, or straw. 
None the less, if the maximum of popu- 
lation supported by a given area of land 
is the objective, vegetarianism becomes 
increasingly neces.sary, as we see among 
the crowded populations of India and 
China. At the same time, the tillage of 
lands now given up to the grazing of 
animals becomes possible because of 
cheapness of labor resulting from a re- 
dundant population. Most of the beef 
and mutton supply comes from land left 
untilled because of the costliness of labor 
relative to products ; the meat may rep- 
resent a very low level of production 
from the land an(^ \ ct a high cash return 
for the labor expended. Here the ap- 
parent paradox of grazing being genei^ 
in Middlesex because of the proximity of 
London. Another item of waste which 
would have to bo eliminated in case of 
stem necessity is the conversion of poten- 
tial food into alcoholic drink. Great 
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Britain ferments the eqniyalent of one 
and a half million acres of barley. 
France devotes 4,000,000 acres, nearly 
4^ per cent, of her cultivated area, to 
vineyarda Without going so far as to 
say that beer or wine possesses no food 
value, it is certainly not half of that 
which could have been grown from the 
land thus used for the production of 
drink. In such matters it is vain to 
prophesy, but I can not help feeling that 
the race (not individuals) which cuts out 
meat and alcohol in order to multiply is 
of the permanent slave type destined to 
function like worker bees in the ultimate 
community. 

The second question that merits very 
careful consideration is whether the 
current agriculture can not be intensified 
so as to bring about a great increase of 
production from the existing area of 
cultivated land. A cursory examination 
of the average yields of our chief crops 
in different countries shows what an 
immense potential increase of production 
is here open. The average yield of 
wheat (1921 to 1924) for all the coun- 
tries of the world collecting statistics 
was 13.2 bushels per acre; the average 
yield in Denmark for the same period 
was 41.4 bushels per acre, more than 
three times as much. Of course the area 
devoted to wheat in Denmark is about 
200,000 acres in all, or 3 per cent, of her 
arable land, whereas the wheat acreage 
of the world amounts to about 250 mil- 
lion acres. The mass production of 
wheat in the world is from countries of 
low yield; more than half is grown in 
countries in which the average yield is 
less than 13 bushels per acre. 

It is from these countries with the low 
yield per acre that wheat is exported and 
their production determines the world 
market, with the consequence that wheat 
production has been increasing in these 
and similar countries while it has been 
shrinking in the European countries 
with a higher yield per acre. 

The dominating factor has been cost 
of labor; speaking broadly, it may be 


said that increased yields per aete are 
associated with higher expenditure per 
bushel for labor, and the great wheat- 
producing countries with a low yield per 
acre are the countries with a corre- 
spondingly high yield per man employed. 
It may be estimated that in England a 
man’s labor produces about 960 bushels 
of wheat, in Australia 1,500 bushels. A 
more exact comparison shows that in 
England the labor cost amounts to Is. 
per bushel of wheat, against 8d. in Can- 
ada, this with an average wage rate of 
30s. to 36s. a week in England as com- 
pared with 605. in Canada. 


1924 

Total production 
million quintals 

Quintals per 
hectare 

Bushels 
per acre 

Russia 

90 

5.4 

7.9 

Canada 

71 

8.0 

11.4 

United States — 

288 

10.8 

15.5 

India 

99 

7.8 

11.1 

Argentina 

52 

7.2 

10.3 

Australia - 

44 

10.0 

14.3 


594 (mean) 9.09 

13.0 


Recorded total, 932 (estimated for all coun- 
tries, 1,250). 


All this goes to show that intensifica- 
tion is only to be purchased at the cost 
of labor and that in the past extending 
the cultivated area has been a cheaper 
way of getting the wheat required by the 
world than by higher farming. 

This general statement, however, does 
not tell the whole story ; particularly it 
disguises the intensification of yield that 
may be obtained without a commensurate 
increase of labor. For example, the in- 
troduction of more heavily cropping 
varieties, originated by the skill of the 
plant breeder, may add greatly to the 
production from a given area without 
increasing costs other than those of har- 
vesting and marketing. 

One must not, however, expect too 
much of the plant breeder. Over the 
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greater part of the cultivated land of the 
world the gross amount of production is 
limited by external factors such as 
water supply, temperature, available 
fertility of the soil, etc. For example, 
the plant breeder seems to have had little 
or no power to increase the absolute pro- 
duction of Beta vulgaris \ from all the 
forms of sugar beet or fodder beet (man- 
golds) on a given soil there is much the 
same yield of dry matter per acre, 
though in the well-bred sugar beets the 
proportion that is in the useful form of 
sugar is greatly enhanced. The wheats 
and barleys grown in England had long 
been subjected to selection and improve- 
ment before the scientific methods of 
plant breeding were evolved, and the 
further steps in improvement are going 
to be neither big nor easily won, depend- 
ing as they do upon altering what Dr. 
Bcaven has called the migration ratio, 
whereby the plant will convert more of 
the material obtained from the air into 
useful grain and leave less as straw. The 
chief opportunities, in fact, lie in the 
elimination of susceptibility to disease or 
destruction by frost, or general tender- 
ness of constitution, by which means the 
range of the high-yiel(Kng cereals or even 
of cereal growth at all may be enor- 
mously extended. Absolute yielding 
power is perhaps less in question than 
productive capacity in relation to the 
environment. 

The general enhancement of produc- 
tion by processes which induce improve- 
ments of the water supply or the tem- 
perature, as by irrigation and drainage, 
soil amelioration, cultivations, etc., suf- 
fer from the disadvantage of calling for 
labor, until they may prove far more 
costly than the increased produce can 
repay. Fertilizers appear to offer more 
promise. It may be recalled that the 
general level of production from English 
land was raised by nearly 50 per cent, 
between 1840 and 1870. At the begin- 
ning of the period the average yield of 
wheat was of the order of 20 bushels per 
acre, this being the crop the land was 


capable of maintaining under a conserva- 
tive rotation with no extraneous source 
of fertility. But between 1840 and 1870 
artificial fertilizers were introduced and 
became a generally accepted part of 
British farming, with the result that the 
yield of wheat had risen to about 30 
bushels per acre, though no other 
marked change in the routine of cultivar 
tion had been adopted during the period. 
The emplojnnent of fertilizers still lags 
far behind the opportunities of employ- 
ing them to profit; from 1870 onwards 
came the great depression upon British 
agriculture consequent on the growing 
irruption of the cheaply grown American 
corn and meat. British agriculture had 
to shorten sail and restrict expenditure; 
falling prices breed lack of confidence 
and even lack of knowledge, for why 
should a farmer study a science that calls 
for expenditure when the safer pro- 
cedure is to let the land grow a small 
crop without cost rather than to buy a 
big crop at a dangerous price? At any 
rate, our employment of fertilizers con- 
tinues to bo unnecessarily low even 
under later conditions of prices, and the 
revolution that is being brought about in 
the production of nitrogenous fertilizers 
finds our farmers comparatively disin- 
clined to take advantage of it. The vari- 
ous processes of bringing atmospheric 
nitrogen into combination to which the 
war gave such a stimulus are now being 
developed on a vast scale in all civilized 
countries, and will result in an almost 
unlimited increase in the amount of 
nitrogenous fertilizer available at low 
prices compared with the prices of agri- 
cultural produce. Here at least is the 
opportunity for another step up in pro- 
duction from our cultivated lands com- 
parable with the progress that was made 
between 1840 and 1870. It is not all 
plain sailing; the farmer has to study 
carefully where an increased supply of 
the cheapened nitrogen can be most suit- 
ably applied to his land and what 
changes in his system of cropping are 
demanded. The plant-breeders' art is 
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needed; on most of our land any great 
enhancement of growth of cereals 
brought about by the use of nitrogenous 
fertilizers is attended with the danger of 
lodging. Pew of our cereals possess stiif 
enough straw to remain standing on a 
soil enriched to the degree even that is 
reasonably practicable to-day. Thus the 
more immediate outlet for the new fer- 
tilizers would appear to be the fodder 
crops which are convertible into meat 
and milk. 

But in the solution of the main prob- 
lem under discussion — the possibility of 
intensification of production from the 
existing farmed land to meet the needs 
of a growing population — the develop- 
ment of the synthetic nitrogen fertilizers 
must play a dominant part. Crookeses 
prophecy is coming true. 

I have reserved until the end the ques- 
tion of whether the intensification is 
necessary or probable. Prom previous 
experience it would appear to be prob- 
able that as long as new land is available 
the increase in food supplies will be won 
less by increased skill and expenditure 
applied to existing land than by taking 
in new land. The recent history of 
United States land affords an illustra- 
tion ; we see little improvement in farm- 
ing or increase of yield on the older land 
— we see even abandonment of farms in 
the eastern states; at the same time we 
see continued attempts to win new land 
by forcing into cultivation the arid lands 
and alkali soils which the earlier settlers 
had rejected. All over the world it al- 
ways astonishes the traveller to see on 
what bad lands the new settler is now 
trying to farm. Evidently the good easy 
virgin land is no longer easy to find. It 
is indeed significant that in the United 
States vast irrigation schemes are being 
carried out, though they show little signs 
of paying interest on their construction ; 
that in Canada new wheats are being 
acclaimed because they may extend set- 
tlement into regions where killing frosts 
may be expected in August; that “dry 
farming,” with a crop in alternate years 


only, has to be resorted to in Australia 
and South Africa. These facts would 
seem to show that land is getting short 
in the world, at any rate the naturally 
productive land or to which the great 
expansion of the nineteenth century pro- 
ceeded. Where are we to find the 500 
million acres of land such as was added 
to the world's farm between 1850 and 
1900? 

In Europe there are still great areas 
of forest, swamp and heath that might be 
brought into cultivation, but the process 
would involve an expenditure both of 
initial capital and continuing labor out 
of proportion to the returns. Either the 
prices to be received for produce must 
rise greatly or the cultivators must be 
content with a much lower standard of 
remuneration before there is much addi- 
tion to the European area under cultiva^ 
tion. In fact, the present tendency is in 
the other direction — only Italy, with its 
great pressure of population increase, is 
adding to its farming land and reclaim- 
ing wastes. All over the poorer land of 
Great Britain abandoned holdings and 
crofts may be traced, abandoned for 
economic reasons alone, because men 
would no longer live and work so near 
to the starvation level. Nothing but the 
direst need or a new scale of prices, 
whereby agriculture becomes relatively 
the most paying industry, will ever 
bring such land back into cultivation. 
Other European countries to a less de- 
gree show the same tendency at work. 
Russia was one of the granaries of 
Europe, but over a large proportion of 
that vast territory production is precari- 
ous because of drought on the one hand 
and cold on the other. It may be 
doubted whether there will be any great 
surplus for export even when its agricul- 
ture has been fully resumed, so rapid 
had been the growth of its population to 
a magnitude which makes the losses of 
the last decade insignificant. 

In the United States there are still 
great areas of potential farming land; 
for example, O. C. Baker (“Economic 
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Geography/’ 1925) estimates a possible 
increase of the wheat area in the U. S. A. 
from the present 80,000 to 130,000 
square miles. But little of this, how- 
ever, is the natural easily farmed land 
the settler looks for; the drift of late 
years of American farmers to Canada, 
the efforts to make good the arid lands 
by dry farming and irrigation, show that 
the good land has mostly been taken up. 
What remains is land on which capital 
outlay is required, land on which pro- 
duction will always be more costly than 
on the great fertile plains of the Middle 
West. As in Great Britain, the recent 
tendency in the United States has been 
to abandon the cultivation of some of the 
poorer lands and let them fall back to 
grazing. Canada still presents enormous 
potentialities for settlement, though the 
vast areas the map reveals are severely 
restricted by increasing aridity towards 
the west and by cold northwards ; Baker 
considers an increase of the wheat area 
from 25,000 to 120,000 square miles as 
physically possible. But similarly on 
most of this land the wheat will have to 
be more dearly bought by labor, fertiliz- 
ers and skill than on the land now being 
farmed. 

The potentialities of South America 
are less easy of estimate, but in this re- 
gion there is still a great area of rich 
plain country unsettled, and it is not too 
much to expect that another 40 million 
acres of land are available for farming 
under present conditions. 

The potentialities of non-tropical 
Africa and of Australia are small ; in the 
latter country the arid zone lies so near 
to the coast that the additional area 
available for normal cultivation^ is 
negligible in considering the world’s 
need of food. The great unknown factor 
in this survey is Western Siberia, a nat- 
ural wheat area, and Manchuria. All 
that can be said is that the physical pos- 
sibilities are great, perhaps as high as 
300 million acres, but no one can guess 
when that will be realizable, dependent 
as it is upon the establishment of a stable 


and ordered government. Moreover, on 
the flank of these regions hang the vast 
unsatisfied populations of China and 
Japan, ever ready to expand as the 
means of sustenance permits, and on this 
account the expectation of food for the 
Western peoples from this area can be 
but small. It is noteworthy that the 
far Eastern countries, so far from con- 
tributing to the food supply of the Euro- 
pean peoples, have themselves of late 
years become competitors for wheat in 
the world market to an extent that has 
had a decisive effect upon prices. 

As potential sources of food there still 
remain the tropical countries, in particu- 
lar Brazil and Central Africa, where 
abundant rainfalls and high tempera- 
tures render feasible a very high level 
of production from the soil. The last 
fifty years has witnessed remarkable 
examples of organized production of 
tropical crops under western direction 
and management. The growth of sugar 
in Java, Cuba, and Hawaii, of rubber in 
Ceylon and the Straits, of tea in Ceylon 
and Assam, afford examples of the pos- 
sibilities of organized agriculture, em- 
ploying tl)c resources of science, the 
labor-saving power of machinery, the 
criticism of cost bookkeeping, such as can 
rarely be paralleled in the farming 
proper of the temperate regions. The 
same organization is being extended to 
the coconut, which as margarine is be- 
coming one of the chief edible fats of the 
world. Without doubt the tropics pre- 
sent enormous potentialities of food pro- 
duction for the world, mainly in the 
direction of oil seeds and edible beans. 
It must, however, long remain uncertain 
to what extent the cheap native labor 
upon which these tropical exploitations 
are dependent will continue to be avail- 
able. It does not appear to be possible 
to maintain a white population itself 
engaged in the cultivation of the soil in 
contact with native labor, and Queens- 
land is the only tropical country where 
agricultural development is being at- 
tempted with white labor only. The les- 
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son of South Africa and to some extent 
of the southern states of the U. S. A. 
would seem to be that the white races 
can not expand agriculturally in compe- 
tition with the black. 

The present aimual increment in the 
white population may be estimated at 
about five millions. This, taken alone, 
would necessitate the taking into cultiva- 
tion of twelve million acres of new land 
every year. No process of the kind is 
going on ; indeed, for many crops there 
has been an actual shrinkage in the 
acreage since the war. Full records are 
not available, but the following table 
shows the changes in the areas of some 
of the main crops : 


Changes in Area under Crop. Mjluon 
Hectares 



1909-13 

1921 

1922 

1923 

1924 

Wheat 

„ 107.8 

103.5 

99.5 

104.0 

105.6 

Rye 

... 44.3 

37.0 

40.7 

44.6 

43.9 

Barley 

.. 33.3 

29.4 

27.3 

30.9 

30.7 

Oats 

- 57.4 

55.1 

50.7 

53.8 

55.8 

Maize 

.. 70.6 

71.7 

73.0 

74.1 

(75) 

Rice 

47.8 

53.0 

53.3 

51.8 

52.8 

Potatoes ... 

... 15.3 

14.8 

15.3 

16.2 

16.6 

Sugar Beet. 

.. 2.3 

1.7 

1.7 

2.0 

2.6 


378.8 

366.2 

361.5 

377.4 

"383^ 


The shrinkage is doubtless no more 
than a temporary matter, the backwater 
of the wild fluctuations of prices and 
values brought about by the war, but it 
does not promise well for that continued 
expansion of the cultivated area which 
the still growing population demands. 
Indeed, we may detect a new influence 
at work, the growing disinclination of 
the civilized peoples to continue in agri- 
culture because of its small and uncer- 
tain returns as compared with other 
occupations. It appears to be a general 
experience that wherever by the exten- 
sion of communications the industries or 
commerce come close to agriculture the 
latter declines and begins to lose its best 
brains, its capital, and its men. The lure 
of the cities is proverbial, but the funda- 
mental factor is economic; unorganized 


agriculture can not pay the wages ob- 
tainable in the organized industries. 
The decline in the agricultural popula- 
tion of Great Britain and the United 
States is the most marked, but it is sig- 
nificant that in France, where of all 
countries the farmer is most protected 
and prices have been maintained, the 
peasants are leaving the land for the 
growing industries, their places being 
taken, in the south at least, by Italian 
immigrants. 

The flight from the land is manifest 
equally among the wage-earners of large- 
scale agriculture and among the peasants 
or family farmers in whose hands resides 
the greater part of the cultivation, 
whether in the old settled countries of 
Europe or the newer exploitations of 
America. Again and again it must be 
urged that the determining cause is eco- 
nomic ; for the last half century, save for 
the abnormal war years, farming has not 
paid a return on the capital and labor 
expended comparable with that obtain- 
able elsewhere. It has been said that 
even the American farmers of the Mid- 
dle West, who cut prices for all the 
world, made no profits during the last 
half-century except those derived from 
the accretion of land values. And the 
peasant farmer, who counts neither the 
capital he has in the business nor the 
hours of labor he gives to his land, who 
in Europe is held to the land by secular 
tradition, finds agriculture unattractive 
as soon as the growth of industries and 
the spread of communications render an 
escape possible. If not the peasant him- 
self, at least the sons look for an easier 
and less exacting mode of life. 

At this stage it would be impossible to 
begin to diagnose the causes of the com- 
parative unprofitableness of agriculture. 
Fundamentally it is due to the weakness 
of the farmer as a commercial unit; the 
smaller the farmer the more ruthlessly 
does he compete with his neighbors and 
reduce prices to a bare leve} of suste- 
nance for his long hours of labor. Even 
the large farmers who can put into prac- 
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tice some of the economies of an ordered 
industry are helpless against the large 
commercial organizations which pass on 
their produce to the customers. Always 
there is the peasant farmer to cut prices. 
The position of the imperfectly indus- 
trialized farms may be compared with 
that of the new factories a century ago : 
their processes are not sufficiently devel- 
oped to enable them to compete with any 
certainty of success against the single- 
handed worker, the power mill has not 
yet beaten the hand loom. 

I can not, however, pursue this issue. 
I return to my original text, that if we 
are to continue to feed the growing pop- 
ulation of the world on the present 
methods a continued expansion of the 
cultivated area is required ; new land is 
called for year after year. I can not see 
where this new land of the necessary 
quality is to be found in quantities com- 
mensurate with the immediate demand. 
Doubtless the white races will insist on 
maintaining their rising standard of liv- 
ing and will apply deliberate checks to 
their fertility, a process we already see 
in action. But the restriction of increase 
will not take effect all at once even under 
economic pressure, and the danger lies in 
the period preceding the comparative 
stabilization. As it can not be supposed 
that* the development of the civilized 
races can be allowed pennanently to bo 
checked by lack of food when food is 
obtainable, it follows that resort must be 
had to the intensification of production 
from the area already under cultivation. 
The means for that intensification are 
already in sight, more will be supplied 
with the advancement of research. In- 
tensification, however, is in the main 
attended by a higher cost of production, 
and movement in that direction is likely 
to be slow until it is stimulated by a rise 


of prices. Organization will have to be 
introduced into the industry, and it may 
be expected that organization will take 
one or other of three forms. The farmer 
may be left as the producing unit, but 
his methods will be strictly controlled 
and standardized by the great selling 
corporations that handle his produce, 
and these corporations may be either 
commercial ventures or cooperative asso- 
ciations of the farmers themselves. The 
cooperative venture appears to imply an 
even more rigid discipline of the individ- 
ual than that imposed by the capitalist 
firm. Alternatively the capitalist may 
venture upon the direct exploitation of 
large areas of land and industrialize 
farming as he has industrialized other 
producing businesses. But capital will 
only be tempted back to farming, 
whether for the organization of the busi- 
ness or even to enable the individual to 
take advantage of the possibilities of 
intensification, if prices rise to a defi- 
nitely remunerative level. I hope I have 
given reasons for supposing that they 
must rise, because the surge in popula- 
tion set up by the unprecedented exten- 
sion of the cultivated area last century 
can not all at once be checked, whereas 
the new land still available is either in- 
adequate in amount or unsuited to cheap 
production by the old methods. How 
close at hand the period of pressure may 
be it is unsafe to prophesy, but it may 
be agreed that pressure is sooner or later 
inevitable and that one of the biggest 
problems before the world at present is 
to prevent the pressure developing sud- 
denly or becoming unbearable. The 
intensification of production is the only 
remedy, and again the only means of 
rendering intensification practicable is 
the continued pursuit of scientific re- 
search. 



POWER RESOURCES OF THE UNITED STATES 
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In past generations the degree of mili- 
tary power possessed by a nation was 
the criterion of its greatness. To-day 
the possession of economic resources and 
the ability to exploit them has assumed 
an equal importance in determining a 
nation’s standing as a world influ- 
ence. The most essential factor in such 
economic exploitation of natural re- 
sources is mechanical power, the substi- 
tution of which for human and animal 
muscle has brought about profound 
and basic changes in our economic struc- 
ture during the past century. As a re- 
sult of considerable propaganda and 
legislation relating to power develop- 
ment, there is a present and constantly 
growing interest of the public in our ex- 
isting power developments, and our po- 
tential power resources ; the bearing 
these have on the future expansion of 
our modem industrialism, and their 
effect on our national prosperity and 
standards of living. As is always the 
case in such a situation much erroneous 
information has been disseminated, and 
many fallacious theories have been laid 
before the public in regard to the mat- 
ter of our power resources ; some of these 
have secured widespread acceptance, and 
have served to greatly obscure the true 
facts. As an example of this kind of 
thing we may refer to the great mass of 
misinformation published with regard to 
the Muscle Shoals development on the 
Tennessee Eiver. 

What, then, are the facts in this im- 
portant matter, so far as we may de- 
termine them in the light of our present 
knowledge! What deductions as to the 
future trend of the power situation may 
we deduce from these facts without in- 
’ dulging in flights of the imagination and 


unfounded speculation f Let us consider 
these questions and see if we may not 
arrive at a reasonably correct visualiza- 
tion of the power situation as it exists 
in the United States at -the present time; 
the existing trend of this situation, and 
its probable effect on the future. Every 
problem consists of certain primary ele- 
ments with which are associated other 
elements of secondary importance. In 
this problem of mechanical power the 
primary elements are water, coal, tech- 
nical skill and capital; these are the 
essentials and will continue to be the 
essentials. Our four primary elements 
divide logically into two groups; First, 
that containing the sources of power, 
water and coal; second, that containing 
the means for the application of these 
sources of energy, technical skill and 
capital. Without the first group the 
present day forms of mechanical power 
could not have been developed; without 
the second group they wo^d not have 
been developed. It is the adaption of 
the inherent energy of the first group by 
the second to the needs of man that has 
produced our modem civilization and 
differentiates it most strikingly from the 
civilizations of the past. 

There are sources of power other than 
the energy of the flowing stream and the 
solar energy stored in the vegetation of 
the carboniferous era which is released 
to-day when we bum coal. But such 
sources are secondary sources, which are 
either approaching exhaustion, as natu- 
ral gas and petroleum, or have so far 
defied man’s efforts to utilize their 
energy, as the tides. 

Let us first consider our water power 
resources ; the extent to which they have 
been developed; the amount remaining 
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undeveloped ^hose development can be 
justified on economic grounds; and the 
relative importance of our water power 
resources as a whole as compared with 
our present and future requirements for 
mechanical power. The total potential 
water power resources of the United 
States as given by the Geological Sur- 
vey, including all sites capable of de- 
veloping over one hundred horsepower, 
on the basis of power available 50 per 
cent, of the time, are fifty-five million 
horsepower, of which some 20 per cent, 
has so far been developed. Much of the 
remaining 80 per cent, consists of sites 
of such small capacity as to be unsuit- 
able for profitable commercial develop- 
ment and operation in connection with 
power systems of present-day size; or 
sites whose remoteness from potential 
power markets or whose physical char- 
acteristics are such as to render their 
development unprofitable at the present 
time or in the near future. By far the 
greater number of our favorably situ- 
ated water-power sites have been devel- 
oped or are in process of development. 
The undeveloped potential water power 
remaining in the United States, which 
can be developed at such an investment 
cost as to produce electric energy more 
cheaply than it can be produced by 
steam, does not exceed ten million horse- 
power. 

When we consider that at the present 
time our total mechanical power re- 
quirements, exclusive of that utilized for 
the propulsion of automobiles and of 
ships, are approximately fifty million 
horsepower and that for some years this 
has been increasing at a rate of 4 per 
cent, a year, we see that our available 
water power is capable of caring for only 
about 40 per cent, of our present re- 
quirements, after all available sites 
which can be profitably developed have 
been utilized and that the water power 
actually developed at this time supplies 
only 20 per cent, of our present require- 


ments. It is greatly to be doubted if the 
proportion of our power requirements 
supplied by water power ever exceeds 
one fourth. Prom this we see how mis- 
leading is the water power propaganda 
so widely disseminated, declaring that 
“white coal” is the hope of our economic 
future, and the cure-all for our economic 
ills. Water power is to-day and will con- 
tinue to be an important source of power 
supply, but it will always supply much 
less than half of our total mechanical 
power requirements. The vicious aspect 
of the present water power propaganda 
has been its utilization by unscrupulous 
promoters to induce the investing pub- 
lic to finance water power developments 
whose development was not justified on 
economic grounds and which could never 
be expected to earn a reasonable return 
on the investment required. 

Passing to a consideration of coal as a 
source of mechanical power, we have 
shown from the preceding that 80 per 
cent, of our present power requirements 
are supplied from coal and that there is 
a strong probability that at least 75 per 
cent, of all such requirements in the 
future will have to be supplied from this 
source. We have available and known 
sufiBcient deposits of good bituminous 
steam coal to meet our needs for many 
centuries, assuming that our rate of coal 
consumption shall continue to increase 4 
per cent, a year. However, it is very 
improbable that such a rate of increase 
will be maintained ; because, with our ex- 
isting birth-rate and our policy of re- 
stricted immigration, our population in 
the coming decades will show no such 
rate of increase as it has in the past; 
because the era of most rapid industrial 
expansion is undoubtedly behind us, as 
the productive capacity of our industries 
is now in excess of our domestic require- 
ments and further expansion is depen- 
dent on the development of foreign trade 
in competition with the other manufac- 
turing nations of the world ; finally, be- 
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soeh rate of inoreaae in the f utare aa it 
has in the paat; antoatatie nuMdiines will 
eontinne to be dereloped, but it is very 
doubtful if the horse power i>er work' 
man in industry will diow in Ae future 
a rate of inerease approaching that 
which has prevailed since 1890. 

From the beginning of the use of bitu- 
minous coal in this country, a little over 
a century ago, up to the present time, 
we have mined leas than one per cent, 
of our known and visible supply of this 
fuel. Even as a great industrial nation, 
with an eventual population of two hun- 
dred and fifty million, which is oon- 
lideied about the maximum population 
this country can support wi^out a de- 
cline from our present standards of liv- 
ing, we have bituminous coal sufficient to 
last over one tiiousand years. In addi- 
tion we have vast and oidy partly ascer- 
tained deposits of lignites, which are low 
grade coals and can be burned efficiently 
by equipment especially designed for this 
purpose. Including the lignites there re- 
mains in the United States a fuel supply 
lufficient to last for thousands of years. 
While we should cease to extravagantly 
waste our coal supplies as has been our 
practice; there is certainly no danger of 
dieir exhaustion for mat^ generations. 
The alarmists who constantly proclaim 
that we have sufficient coal for <mly a 
generation or two are very grossly mis- 
stating the actual facts. It, tiserefore, 
loes not appear that any great financial 
sxpenditures are justified at the present 
tune, having as their object the coxiserva- 
tionofcoal. The elimination of unneces- 
sary waste would appear sufficient for 
the present. In the state of Penntyl- 
sania about 12 per cent, of the better 
grade bituminous deposits have already 
been consumed; reasonable coal conser- 
rathm in Pennsylvania is justified, but 
ttl^pnly justified to the point where the 
the conservatimt equals the cost 


whche itm dspoifiti 
minoot eoab have been sNffC^ 

We eome flow to the second gre^p of 
our primal^ elements and deal with Sia 
means by whitfis the apifiieation of the 
energy inherent in those natural re* 
sources treated in our first group to the 
needs of man is brought about. Tb/b 
first and most important of tiie memben 
of this group is technical skill, which in 
its most universal meaning embraces all 
those products of the human brain that 
have been developed for the utiliation 
and adaption of the forces in natnrs to 
man’s service. The United Etates has 
always been one of tho great leaden in 
teclu^eal skill, and dur^ the past fif- 
teen years very great improvements have 
been made in this eonntiy in apparatus 
for the production of meehanioal power, 
and the means employed to disMbnte 
such power from the point of pzodnetion 
to that of consumption. Bq>eeia% is 
this true both of water and of steam 
driven units for the generation of power 
in the form of deotrioity. 

The hydrodectrio generating unit of 
1912 had an overall efficiency of around 
60 per eent. ; that of 1925 is 86 per oent. 
efficient; that is, the same stream is to- 
day capable of producing nearly half as 
much power again as could be secured 
from it with the apparatus available 
thirteen years ago. The improvements 
made in tiie efficienoieB of steam boilers 
and of steam turbogenerators are even 
more madced. In 1913 the best of the 
large steam-deetrie generating stations 
in this country required 16,800 heat 
units to produce one horsepower-hour 
of energy, by 1919 this had bW reduoed 
to 14,600 heat units and by 1925 to 
10,800. Ab a result of thie great im- 
provement in apparatus effidency, the 
best plants of 1925 oonsume 86 per eettt 
less oeal to produce an cqnivaleiit 
amount of power than was required in 
1918. The most striking thi^ about 
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this improvement in steam-electric gen- 
erating efficiencies is that over half of 
it has been made during the past two 
years, after many had thought such ap- 
paratus already developed to its highest 
economical efficiency, for very little im- 
provement had been made in the thermal 
efficiency of such apparatus during the 
seven-year period 1916 to 1922. How- 
ever, we may expect no future improve- 
ments of such magnitude in the efficien- 
cies of power-generating apparatus, as 
the point has nearly be(‘n reached where 
the increased investment required to 
secure additional operating efficiency is 
greater than the value of the saving 
effected thereby. The present consensus 
of engineering oi)iriion is that the max- 
imum thermal efficiency which can be 
achieved in steam-electric stations of 
large size, Avithout incr(»asing the first 
cost beyond the economic limit, corre- 
sponds to a consumption of nine thou- 
sand seven hundred heat units per 
horsepower-hour of station s(*nd-out. To 
achieve this will require using steam 
pressures around one thousand two hun- 
dred pounds, and steam tem])(*ratures in 
the neighborhood of 800° F; an experi- 
mental installation working under these 
conditions has been made and is pjoving 
satisfactory. During the past fcAv years 
the mercury vapor-steam cycle has been 
developed to the jioint wh(*re an (*xperi- 
mental installation is in service; this in- 
stallation has proved successful, lly the 
use of this cycle it is believed that 
thermal efficiencies may be attained cor- 
responding to a consumption of only 
seven thousand five hundred heat units 
per horsepower-hour of station sendout. 
This is an improvement of nearly 25 ])er 
cent, increase in efficiency over the best 
that may be expected from the steam 
cycle alone. But the development of 
apparatus for the utilization of the 
mercury vapor-steam cycle is still in 
the experimental stage, and it remains to 
be determined whether such apparatus 


can be manufactured at a cost where the 
gain in thermal efficiency Avill result in 
a saving sufficient to offset the greater 
investment required to utilize this com- 
bined cycle. D(ispite the great increase 
in the efficiency of steam-electric gener- 
ating apparatus since 191«'l, the total cost 
per unit of station sendout is to-day 60 
per cent, higher than it was then. It 
has been the ever-increasing unit cost of 
such power and the efforts of designing 
engineers to offset it that have resulted 
in the great improvement of apparatus 
iluring the past several years. The high 
efficiencies referred to in the preceding 
have been approached only in the largest 
and most modern (*entral stations; the 
average small pow(‘r plant, either indus- 
trial or j)ublic service, is still woefully 
and needlessly inefficient ; it has been 
stated on good authority that it recpjires 
eight tons of coal for such small plants 
to produce the same amount of j)Ower 
that om* of the large modern stations 
can produ(M‘ from a single ton. It is in 
the improvement of the efficiencies of 
these small plants or their entire elimi- 
nation that there lies the most logical 
field for efforts having as their object 
coal consiu’vation. In virtually all such 
plants considerable imiirovement can he 
secured at modm’ate cost. 

The advance in the art of the distri- 
bution and transmission of mechanical 
])ower in the form of electric current has 
been very rapid. From its inception in 
the nineties at voltages around 11,000, it 
de\ eloped very rapidly; until by 1912 
there were extensive transmission sys- 
tems in various parts of the country 
using voltages as high as 110,000, and 
transmitting power distanee.s consider- 
ably over one hundred miles. To-day 
voltages as high as 2J0,()00 are used, and 
power is transmitted over three hundred 
miles. But it is very doubtful if the 
voltages used or the distance's power is 
transmitted will increase much above the 
maximums now in use ; for the point in 
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such matters has been reached where cer- 
tain technical limitations begin to apply, . 
and the cost of overcoming these limita- 
tions by the means available through our 
present knowledge is greater than the 
gains to be secured by overcoming them. 
Despite this each year will see tlie trans- 
mission facilities of the country extended 
through the building of new lines and 
the interconnection of existing systems, 
for there is ample opportunity for ex- 
pansion without the need of exceeding 
Ae voltages and distances available for 
commercial use. The popular belief ex- 
isting to-day that in a few years the 
country will be covered with a network 
of high voltage transmission lines, sup- 
plying the entire nation’s power require- 
ments with electric power generated by 
mammoth hydroelectric stations or great 
steam-electric plants located at the coal 
mines, is a myth and without foundation 
in engineering fact. The unromantic 
reasons why this vision of the future will 
not materialize are several : First, there 
are apparently insuperable technical 
difficulties limiting the distance to which 
electric energj’ may be transmitted from 
the point of generation, the maximum 
distance to which such transmission will 
function satisfactorily being about five 
hundred miles or less ; second, that there 
will be no economic gain in the transmis- 
sion of power generated by coal beyond 
the point where the transmission losses 
equal in monetary value the cost of haul- 
ing the coal from the mine to the point 
of power use; third, that water power 
sites capable of producing as much as 
one hundred thousand horsepower are 
few. Extensive transmission sy.stems 
exist to-day and many such systems are 
interconnected, such interconnection 
being for mutual assistance in time of 
breakdown or for the exchange of power, 
either generated or used in the territory 
adjacent to the point of interconnection. 
Such interconnections are not for the 


purpose of through transmission of elec- 
tric power, and the idea of power being 
transmitted across the continent by the 
interconnection of all the intervening 
power systems is a physical impossibility. 

The most comprehensive schemes un- 
der discussion to-day having as their 
objective the conservation of coal are 
‘ ‘ superpower ’ ’ and ‘ ‘ giant-power. ’ ’ The 
former has been worked out principally 
with regard to the requirements of the 
northeastern industrial section, and the 
latter with respect to the needs of the 
state of Pennsylvania alone. While both 
these plans have many things to com- 
mend them, it is doubtful, in view of the 
great magnitude of our remaining coal 
deposits, whether there is economic justi- 
fication for the carrying out of cither at 
any time in the near future. Certain 
features of both plans which can justify 
their adoption by their ability to earn 
a reasonable return on the investment 
required for their carrying out are 
worthy of immediate adoption. Other 
features calling for large investments of 
capital, and which do not show proba- 
bilities of being able to earn a return on 
such investments should be discarded for 
the present. In view of what technical 
skill has accomplished, it is certain that 
the future will see still further advances 
by man in his harnessing of natural 
forces to his service. This would appear 
to be one of many plausible arguments 
against the present adoption of conserva- 
tion measures involving large expendi- 
tures of capital; unless such measures 
are capable of earning a rea.sonable re- 
turn on the investment required to make 
them effective. 

We pass now to the consideration of 
our final primary element, capital. The 
role played by this element in modem 
power development has been one of ever- 
increasing importance ; this results from 
the constant increase in the magnitude 
and scope of the projects undertaken. 
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Large scale operations, such as character- 
ize present-day power developments, call 
for hrcat financial resources and the 
abili^ to attract capital. As a result all 
suchjundertakings arc promoted and con- 
trolled by powerful financial groups; a 
small number of such groups completely 
controlling the present power situation 
in tills country. For the past several 
years the financial activities in connec- 
tion with the power industry have cen- 
tered mainly in the bringing about of 
extensive consolidations of existing prop- 
erties ; thus bringing under one manage- 
ment the power supply of extensive 
areas. Such consolidations have been 
marked by a definite policy of inflatcnl 
capitalization at figures considerably 
above the value of the physical property 
involved. Such a policy, while not in- 
herently vicious, is fraught with consid- 
erable risk to the public; as there is 
always the chance and usually the prob- 
ability that in the future an effort will 
be made by the controlling interests to 
have rates fixed on the basis of the capi- 
talized value of the property, rather than 
on its actual physical value, this latter 
being very difficult to determine accu- 
rately. The highly successful carrying 
out of such inflation policies in the past 
is what has attracted certain financial in- 
terests into this field, where the apparent 
earnings are usually nominal, but the 
promoters^ profits often very large. The 
results achieved by the regulatory bodies 
of the various states having under their 
control the public utilities have not so 
far been very encouraging; while there 
are notable exceptions most of these com- 
missions have functioned in a manner 
unsatisfactory to both the power inter- 
ests and the public welfare. The great 
weakness of such regulatory bodies is 


their ignorance on technical matters, 
their members as a rule being lawyers or 
professional politicians, engineer mem- 
bers being the exception, whereas they 
should be the rule on such commissions. 
Suitable and just regulation of the power 
industry by competent state commissions 
is the only fair and equitable method of 
dealing with this aspect of the power 
situation. Power development calls for 
large amounts of capital and the assump- 
tion of great risks by the promoters, and 
such undertakings should render a fair 
return to those having the vision and 
courage to undertake them. On the 
other hand, in view of the monopolistic 
nature of the power industry, great care 
should be taken to see that the public 
and the small investor arc not exploited. 

We may summarize the preceding by 
stating that our water power develop- 
ments at present furnish only one fifth 
of our total power requirements and 
there seems little prospect of this ratio 
being much increased ; that we have suffi- 
cient coal and lignites in this country to 
last for several thousand years, and no 
coal conservation scheme is justified un- 
less it is able to earn a fair return on 
the investment required to carry it out 
exclusive of tlie conservation feature; 
that technical skill has made great im- 
provements in recent years in the effi- 
ciency of power generating apparatus 
and there is no ground to believe that 
the ultimate has yet been attained in this 
field ; that the present financial trend of 
the power industry is such as to demand 
sane and just regulation in order to pro- 
tect both the public and the power com- 
panies. It is hoped that the preceding 
may shed some light for the reader on 
the existing pow or situation in the 
United States and its apparent trend. 
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Thk first impression one g:<it from the 
meeting of the American Chemical So- 
ciety held in Philadelphia from Septem- 
ber 6 to 11 was that chemistry could be 
called “the science of short euts.^’ The 
word heard most freciuently from the 
lips of the rubber chemists was “ac- 
celerators,” and all the other chemists 
talked about the same thing in other 
words. At the opening si^ssion Ireni^e du 
Pont said that the use of the new chem- 
ical accelerators in the vulcanization of 
rubber had increased the mileage of tires 
in the last ten years enough to send 
2,500,000 automobiles around the wwld. 
Such is the outcome of the accident of 
the Yankee inventor Goodyear, when he 
spilled his mess of rubber and .sulphur 
on a hot cookstove and picked it up im- 
proved. Another new speeding-up proc- 
ess is the spraying of dissolved guncotton 
as a substitute for the old-fashioned way 
of painting wdth a brush and patiently 
waiting for it to dry. Mr. du Pont tells 
of one manufacturer of automobile 
bodies who by the use of such laccpaers 
has saved five million dollars a year 
which he would otherwise have had to 
spend for additional paint shops and 
drying equipment. 

But Mr. du Pontes scientific imagina- 
tion is not confined to such material 
things as accelerators and lacquers and 
dyes. He hopes to reduce or eliminate 
the time now wasted in sleep. If sleep- 
iness is due to the accumulation cf poi- 


sonous substances generated by muscular 
and nervous activity, might these not be 
more rapidly removed or neutralized by 
the proper catalytic chemicals than by 
the slow restorative process of sleep? 
He also calls upon the chemists to devise 
drugs that will stimulate the brain with- 
out stupefying it; that will exhilarate 
without subsequent depression ; that will 
make all men supermen; and that will 
reform the character and improve the 
disposition by correcting the sourness 
and crabbedness which as we know arc 
often due to the secretions of disordered 
glands. “May w^e not expect,” he con- 
cludes, “that by injecting proper com- 
pounds into an individual we can make 
his character to order ? If study and ex- 
periment can reach this result it would 
seem to be a short cut to the mil- 
lennium.” 

Short-cuts likewise formed the main 
theme of Prince Piero Ginori Conti, sen- 
ator of the Kingdom of Italy, in his ad- 
dress on “The Development of the 
Chemical Industry in Italy.” He told 
how the waterfalls of the Italian moun- 
tains, formerly esteemed only for scenic 
value, are now being harnessed to dy- 
namos and employed in making various 
vegetable products, which u.sed to be pre- 
pared by the tedious processes of Nature. 
Acetic acid, once made by the vinegar 
plant, is being made by the hydroelectric 
plant at Villadossola. Wood alcohol, re- 
cently renamed methanol, comes now 
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from coal instead of wood. Camphor is 
made synthetically in Italy instead of 
extracted from the tree in Japan. 
Formaldehyde, the familiar disinfectant, 
is also made artificially. The camphor 
can be used for the making of celluloid 
for movie films, and the formaldehyde, 
added to the casein of milk, gives a sim- 
ilar plastic material. The factory is out- 
stripping the worm in the manufacture 
of silky fiber, and Italy stands second 
only to the United States in this in- 
dustry. Eleven large factories there are 
now engaged in making synthetic silk 
and as many more are being erected. 
Some 13,500 tons of the new textile mate- 
rial were made by Italian factories last 
year. The Italians are indebted to the 
bounty of Nature for the hot springs 
carrying boric acid, but they have made 
a unique utilization of them in employ- 
ing their heat for the running of steam 
engines. One of these volcanic power 
plants produce 7,500 kilowatts of elec- 
tric current. 

After listening to this story of the sur- 
prising achievements of synthetic chem- 
istry in Italy and the United States, it 
was appropriate that the session should 
be brought to a close by Paul Sabatier, 
dean of the faculty of Toulouse Univer- 
sity and Member of the French Acad- 
emy, who told us how the traditional 
barrier between the animate and inani- 
mate realms was finally demolished by 
the researches of his renowned teacher, 
Marcelin Berthelot. Sabatier was the 
assistant of Berthelot at the College de 
France when he performed the epoch- 
making experiment of preparing various 
organic compounds, such as benzene and 
alcohol, from the primary inorganic ele- 
ments, carbon, hydrogen and oxygen. 
The outstanding achievements of Bcrthc- 
lot will be celebrated in France on the 
centenary of his birthday next year and 
permanently commemorated by the es- 
tablishment of a ‘'House of Chemistry'’ 
in Paris. 


Ice cream made from crude oil was 
one of the many marvels forecast by Pro- 
fessor James P. Norris, president of the 
society. Edible fats, the same as those 
in vegetable and animal foods and other 
fata equally nutritious but not found in 
nature can be obtained by breaking up 
the molecules of mineral oil and rear- 
ranging the atoms to form new com- 
pounds. 

This cracking process has been applied 
to petroleum for many years to obtain a 
larger yield of the gasoline distillate, but 
the investigations recently carried out 
by the Petroleum Institute have shown 
that it is possible to attach oxygen to the 
cracked molecules and so prwluce alco- 
hols and acids of all sorts. Aromatics, 
flower perfumes, fruit flavors, drugs and 
dyes in infinite variety may be made by 
such methods. 

This suggests that petroleum which 
has hitherto been used for fuel and 
lubricating may be found in the future 
to be even more valuable as a source 
of substances for which man has been 
dependent upon the chance bounty of 
nature. Glycerin, which is now obtained 
from the decomposition of soap fats, can 
be produced from petroleum, and trans- 
formed into nitroglycerin for dynamite. 
Synthetic plastics like rubber and bake- 
lite may also be manufactured from the 
same raw material. As one of the 
speakers remarked, it is unfortunate that 
we should come to realize the possibilities 
of petroleum only now, when the Gov- 
ernment Oil Commission announces that 
the known oil reserves of the United 
States will last only six years at the 
present rate of consumption. 

But Dr. Norris has his answer to that 
objection, for he foresees the utilization 
of the limitless stores of energy confined 
within the atom, as manifest in radium. 

“When I saw not long ago in the lab- 
oratory of Dr. S. C. Lind a tiny drop of 
a colorless oil that had been formed from 
methane — the chief constituent of natu- 
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ral gas — as a result of the action of this 
form of energy upon it, I felt a new era 
in chemistry had dawned,’' Dr. Norris 
said. ^'That droplet meant a supply of 
combustible liquid to run our automo- 
biles when petroleum is exhausted. We 
can make methane from carbon and hy- 
drogen when the supply of natural gas 
fails us. The sun will always be able to 
convert carbon dioxide into a form from 
which we can get back carbon.” 

Dr. (t. J. Essclen, speaking in behalf 
of cellulose in this '‘Symposium on Fu- 
ture Trends in Industrial Chemistry,” 
demurred to the suggestion of synthetic 
ice cream and expressed a preference for 
the old-fashioned method of feeding the 
cellulose to a cow. But in his own field 
Dr. Essclen was quite as radical in his 
prophecies as Dr. Norris. He even went 
so far as to surmise that the synthesis of 
cellulose may some day bo accomplished 
in the factory as it is now in the field 
from tlic free raw^ materials of air and 
water. 

Cellulose, which is the w’oody stuff of 
trees and other plants, now requires 
months or years to grow^, but if the chem- 
ist once learns how^ to make it he may 
turn out a purer product in a few days 
or l]our.s. Already the first steps toward 
this acliievement have been taken. It 
has been found possible to make glucose 
artificially by the action of ultra-violet 
rays on water and carbon dioxide, that 
is, on "soda-w^ater.” It is easy to con- 
vert cellulose into glucose, and if we only 
knew how to reverse this reaction syn- 
thetic cellulose would be possible, though 
whether it would be profitable or not re- 
mains to be seen. 

Of more immediate interest w'as the 
fact, pointed out by Dr. Usselen, that the 
artificial fibers of cellulose, such as 
rayon, arc being strengtliened by new 
processes and may eventually be made as 
strong as cotton or stronger. These syn- 
thetic fibers are made cheaply from wood 


pulp and since they have the luster of 
silk they have within a few years come 
to be used in twice the quantity of natu- 
ral silk. But they have hitherto been 
unable to supplant either silk or cotton 
because the artificial fibers are weaker 
and more fragile, especially when wet. 
If this deficiency can be overcome the 
synthetic fibers will be a stronger com- 
petitor of the natural and this suggests 
the (juestion wdiether the slogan "cotton 
is king” will hold in the future as it has 
in the past. 

Wood pulp is now^ being obtained from 
southern hardwoods and no longer exelu- 
.sively from northern softwoods. Per- 
haps still faster-growing trees or other 
plants may be the source of cellulose in 
the future. Dr. J. G. Lipman, in dis- 
cussing the possibility of supplanting 
cotton as the chief textile plant, pointed 
out that this would effect a revolution in 
American agriculture, for cotton is a bil- 
lion dollar crop and the forty-nine mil- 
lion acres now growing it would have to 
be devoted to other produce. 

Dr. Charles H. Ilerty also prophesied 
that the rapid expansion of rayon would 
vitally affect farm and factory. An old 
and seemingly established industry, var- 
nish, has been revolutionized within the 
last few’ years by the rapid spread of the 
use of dissolved cellulose in lacquers for 
automobiles and the like. 

The most sensational and possibly the 
most important of the discoveries made 
public during the wTek w’as the an- 
nouncement before a large audience at 
the Academy of Music by Dr. Irving 
Langmuir, of the General Electric Com- 
pany of Hchenectady, of a chemical com- 
bination that produces greater licat than 
any lutherto knowui. 

For over a hundred years the high- 
est heat attainable by combustion was 
that produced by the burning of hy- 
drogen in an atmosphere of oxygen. 
But Langmuir has found it possible 
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to get a higher temperature by the 
unprecedented process of burning hy- 
drogen in an atmosphere of hydrogen. 
In the oxyhydrogen blowpipe, com- 
monly used for welding or the lime- 
light, two atoms of hydrogen united 
with one atom of oxygen to form a mole- 
cule of water. In the new Langmuir 
blowpipe two atoms of hydrogen simply 
unite with each other to form a molecule 
of hydrogen. 

The novelty of the process consists in 
the possibility of producing a stream of 
hydrogen gas in tlie form of single and 


separate atoms instead of paired atoms, 
in the form which hydrogen has been 
hitherto handled. The coupled hydro- 
gen atoms are divorced by passing a 
stream of the gas through an electric arc. 
The apparatus is simple, and looks like 
the ordinary blowpipe that you see used 
in welding or cutting steel on the street 
car track. It is held in the hand and the 
point of the flame directed on the metal 
while the head of the operator is enclosed 
in a helmet to protect the eyes and face 
from the intense light and heat. 
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A stream of hydrogen from a small 
copper tube is driven between the tips of 
the two tungsten electrodes and projects 
a double flame several inches long. The 
inner flame consists of atomized liydro- 
gen burning in molecular hydrogen, 
while surrounding this is a flame of mo- 
lecular hydrogen burning in air. 

A tungsten wire stuck into the tip ot* 
the inner flame melts and drops off like 
an icicle in a gas jet. Now tungsten is a 
metal so refractory that it required many 
years of experimentation to find a way 
of getting it sufficiently softened so that 
it could be drawn into filaments for elec- 
tric lamps. Its melting point is over six 
thousand degrees Fahrenheit, so the tem- 
perature of the flame of atomic hydrogen 
is doubtless more than seven thousand. 

If the blowpipe is turned upon the tip 
of a cone of aluminum, the refractory in- 
gredient of clay and porcelain, this melts 
down like a tallow candle in a Bunsen 
burner. If a sheet of steel or other metal 
is rolled into a tube the seam can be 
welded without solder by simply running 
the blowpipe along the joint. When the 
flame plays on a plate of chrome steel it 
leaves a string of puddles in its track. 

The heat is higher than that of the fa- 
miliar oxy-acctylenc blowpipe though 
not so high as in the electric arc itself. 
Dr. Langmuir suggi^stcd that we may in 
time get rid of the rattle of riveting 
which annoys the neighborhood when a 
skyscraper is being constructed, and the 
welded joints of the steel frame would 
be stronger since no holes need be bonMl 
in it. 

A further advantage of the new flame 
is that the metals heated by it arc not 
oxidized, since they are completely en- 
closed in hydrogen gas. This makes it 
possible to weld such light metals as 
aluminum and magnesium, which when 
heated in air fall into white powder. 

Professor H. S. Taylor, of Princeton, 
supplemented this address by a demon- 


stration of the activity of atomic hydro- 
gen in the cold. He breaks up the pairs 
of hydrogen atoms by the use of the mer- 
cury vai)or lamp, familiar to us from its 
ghastly glow in photographic studios. 
In this the mercury atoms are ‘‘excited,’’ 
that is, put into a peculiarly active state 
by the electric current. This activation 
consists in loosening up an electron, 
driving it to an outer orbit of the atom, 
something like what would occur if our 
solar system vshould be dislocated by sud- 
denly shifting Venus into tlie orbit of the 
earth. Wlicn one of these excited mer- 
cury atoms comes into collision with a 
pair of hydrogen atoms it is apt to break 
their union, and the disrupted atoms of 
hydrogen sdze on tlie atoms of any oilier 
elements at hand and form new com- 
pounds. This theory may explain the 
mystery of wlmt have been called “cata- 
lytic action” and the “nascent state.” 

Synthetic rubber is not a success and a 
shortage in the supply of natural rubber 
seems imminent. Such was the con- 
sensus of opinion at the raw rubber sym- 
posium of the American Chemical So- 
ciety. Experts from Canada, England, 
Holland, Germany and Brazil as well as 
from the leading American rubber com- 
panies were in attendance at the session 
and none of them was able to point out 
definitely any way of increasing the rub- 
ber output ot the world until the trees 
now being planted come into bearing, 
which will require about seven years. 

Dr. H. N. Whitford, of the Rubber 
Association of America, presented a thor- 
ough survey of all known sources and 
came to the conclusion that the demand 
for raw rubber will increase at the rale 
of five per cent, a year for the next five 
years and the existing plantations could 
not meet the deficiency, even if tlie re- 
strictions are removed. If crude rubber 
rises to sixty or eighty cents a pound 
this will undoubtedly stimulate the 
search of South America and Africa for 
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wild rubber, but Dr. Whitford suspects 
that the number of untapped trees in the 
forests has been exaggerated and that 
the maximum output of wild rubber may 
already have been reached. Higher cost 
of Para rubber will bring in other rub- 
ber-bearing plants, such as the castilloa 
and guayule, and this with the increased 
use of reclaimed rubber may prevent 
famine prices from prevailing in the 
near future, and enable the poor man to 
keep his car. 

Why rubber trees do not grow under 
the shadow of the American flag, while 
they flourish so profitably under the 
British, Dutch and Brazilian flags, is a 
mystery that the botanist alone can not 
solve. It is a question rather for the 
statesman and financier. Tliere is a 
native shrub, the guayule, growing wild 
on the deserts of (■alifornia and Arizona, 
which may be nuade fo contribute to our 
economic independence in this essential 
commodity. Th(‘ (Uirnegie Institution of 
Washington and the Continental Rub- 
ber C'Ompany have studied its possibili- 
ties as a rubber producer, and the ex- 
periments carried on by that company 
for tlie last fourt(*en years were rei)orted 
in a paper by Dr. W. B. MacCallum. 
The guayule requires five years to grow 
and then is only two feet high and 
weighs a pound dried, but it contains a 
high percentage of rubber. This is car- 
ried in scattered solid particles, not as a 
milk as in the Brazilian rubber tree, so 
instead of getting the rubber by tapping, 
the shrub has to be cut down and ground 
up and the rubber extracted. Millions 
of seedlings have been grown and from 
these ten plants have been selected to 
provide stock, from which it is hoped to 
start a plantation capable of giving as 
good a yield as the rubber trees of 
Malaya and Sumatra. 

How Germany suffered during the war 
from her deprivation of rubber and the 
inadequacy of artificial substitutes w^as 
first revealed in a pai)er by Dr. Richard 


Weil, of the Continental Caoutchouc and 
Gutta Percha Company of Hanover. 
Several laboratory methods for making 
synthetic rubber w^ere known before the 
%var but none of them proved satisfac- 
tory on a large scale in this emergency. 
One process starts from starch, but the 
jmtatoes which might have furnished the 
starch were sorely needed for food. An- 
other process uses coal and lime as the 
raw materials, combining them to make 
calcium carbide and from this acetylene 
gas. By this process 2,350 tons of syn- 
thetic rubber were manufaciured during 
the war, but it cost five dollars a pound 
and wfis inferior to the natural, except 
for hard rubber. Th(? automobile tires 
made from it gave out after about 1,500 
miles ^ service and for inner tubes it 
would not do at all. Dr. Weil con- 
cludes : 

“If the use of rubber continues to in- 
crease at the sauH? rate, it may be as- 
sumed, according to expert o[)inion, that 
in a few" years there will not be sulfi- 
cient area under cultivation to satisfy 
the increasing demand. New^ plantings 
would not become productive until 1934. 
Old plantations will become exhausted, 
so that it may he expected that the price 
for raw rubber for the next ten years 
will be relatively high.'^ 

William C. Geer, vice-president of the 
Goodrich Company, agrees that the arti- 
ficial j)roduct is inferior, inelastic and 
expensive, “so I am convinced that the 
w"orld has little to expect, and the plant- 
<»rs nothing to fear, from synthetic 
rubber. ^ ^ 

Samples of artificial rubber and of 
various sorts of rubber substitutes made 
from rape seed, soy bean and other oils 
were exhibited to the symposium, but 
they w"(*Te regarded more as laboratory 
curiosities than as s<*rious competitors to 
the product of the tree. 

J. W. Bicknell, of the United Slates 
Rubber Company, which has the most 
extensive jdantations in the world, all 
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in foroi^n territory, explained that the 
planters eoiild increase their outfiut, as 
the dairymen had improved their cows, 
by piekin^ out the best milkers and 
bre(»dintr from them. Records of the 
yield of individual trees in large num- 
bers for several years showed that half 
of the trees produced three fourths of 
the latex and that this characteristic was 
continuous and hereditary. 

Hunting for highly imjmrtant needles 
in haystaeks of flesh is the kind of thing 
Gabriel Bertrand, of the Pasteur Insti- 
tute, Paris, has been doing for many 
years. He told the medical chemists of 
his discovery of the apparently great im- 
portance of the common metals nickel 


and cobalt in the human body, though 
there is not enough of either present in 
a full-grown man to plate the hands of 
a wTist-wateh. Until he began his re- 
search(»s if was not even suspected that 
living flesh contained these elements, and 
he has shown them to be present in al- 
most infinitely small quantity : from one 
to five parts in ten million is the order 
of magnitude he found. 

But the tiny amounts of nickel and 
cobalt that we have seem to be absolutely 
necessary to life, for they somehow act 
with the insulin produced in the pan- 
creas to prevent the deadly disease dia- 
betes. M. Bertrand found that the pan- 
creas contains much more nickel and 
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cobalt than do other body tissues, and 
he found also that when tiny doses of 
these metals were given to animals suf- 
fering from diabetes their recovery was 
greatly speeded up. lie even found that 
beneficial results followed from doses of 
nickel and cobalt given to diabetic ani- 
mals without the use of any insulin at 
all. These experiments may point the 
way to improved methods of treating 
diabetes, especially in the number or size 
of the somewhat disagreeable insulin in- 
jections. 

Motion })ictures of the minute par- 
ticles of rubber dancing in the latex 
tapped from the rubber tree attracted 
the largest audience of the society on the 
closing day. This was the first time that 
such a feat has been accomplished, for 
the globules of the emulsion are far too 
small to be seen with the naked eye and 
the latex looks like cow’s milk, a plain 
white liquid. 

But in the micro-movie camera, de- 
vised by Dr. Ernst A. Hauser, of Berlin, 
droplets of caoutchouc suspended in the 
sap appear as irregular tailed spheres, 
shaped like commas, and are seen to be 
in incessant motion, darting hither and 
thither, colliding and rebounding, so that 
one would think he were looking through 
a lens at a drop of water full of ani- 
malcules. But they are not living cells 
and their agitation is due to th(j jo.stling 
they get from the molecules of the liquid, 
which are kept in motion by the heat: 
what is called the “Brownian move- 
ment” from its discoverer. 

In the drop of rubber milk projected 
on the screen they were stirred up or 
stopi)ed by a glass filament drawn to a 
point too fine to be seen, and guided by 
the hand of Frau Hauser, who has a 
more delicate touch in such microscopic 
manipulations than her husband. When 
she punched a hole in one of the drop- 
leta the rubber oozed out through the 
skin as a viscous liquid. The rubber 
particles looked as large as baseballs on 


the screen but really are a ten thou- 
sandtli to a fifty thousandth ol* an inch 
in diameter. 

A new method of treating the rubber 
latex that promises to be of great com- 
mercial importance was described by 
Philip Schidrowitz, tlie London rubber 
expert. The customary method is to 
coagulate tlie latex with acid which 
throws it out of .solution like curdled 
milk. Then the ma.ss is mixed with sul- 
fur and other desired ingredients, .sliaped 
and heated. The heating combines the 
raw rubber with the .sulfur and makes it 
.solider and less .sticky. This process is 
called “vulcanizing.” But Dr. Schidro- 
witz treats the fre.sh latex as extracted 
from tlie tree directly with .sulfur, with- 
out previous coagulation. This proce.ss 
of vulcanizing the latex is .said to b(‘ 
easier and quicker and the finished rub- 
ber is stronger, more <lurable and more 
uniform. 

Fields of gorgeous dahlias may replace 
the sobercT beets as the mainstay sugar 
crop of this crop of this country, and the 
sugar made from their tuberous roots 
will be half again as sweet as the variety 
now on the market. W. C. Arsem told of 
the intention of the interests with which 
he is as.so(nated to start growing dahlias 
on a large .scale for the i)urpose of manu- 
facturing this .super-sweet sugar, known 
as levulose. The dahlia roots do not con- 
tain any levulose, but they arc largely 
made up of inulin, a starch-like .stuff 
that can be turned into levulose by treat- 
ment with weak acid. The proce.ss out- 
lined by Mr. Arsem sounded almost as 
economical as the packing-house pro- 
cedure which makes use of all the pig 
except his sfiueal. After yielding its 
main burden sugar the left-over sup 
is to be fermented for commercial alcohol 
for automobile fuel, and the small 
amount of pulp in the roots will be 
worked up into paper or building 
material. 
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Another of the dreams of the ancient 
alchemist, besides the transmutation of 
metals, seems likely to be realized, for 
the discovery reported by J. O. Ralls re- 
minds one of the love philter, which has 
figured so frequently in tale and drama. 
It has been learned that the character- 
istically feminine reactions, both physio- 
logical and emotional, are influenced by 
a substance produced in the female sex 
glands, and that extracts containing this 
chemical compound can induce normal 
sexual behavior in female rats that have 
been rendered sexless by a surgical op- 
eration. Dr. Ralls and his associates 
have succeeded in obtaining extracts of 
high purity and great power, and hope 
eventually to solve the riddle of the 
exact composition of the sex honnone. 

Crude codliver oil mak(\s happy hens. 
This may make many of us, with un- 
Imppy childhood memories still sticking 
to our palates, more sure than ever that 
hens have no sense. Yet Dr. A. D. 
Holmes, in a series of experiments on the 
hatchability of eggs and the livability 
of chicks mothered by hens on a diet con- 
taining codliver oil, showed conclusively 
that within limits the more they got of 
the nasty stuff the more and better eggs 
they laid, and the more and healthier 
were tlie chicks hatched from them. This 
was due, he said, to the high vitamin con- 
tent of the oil. Moreover, when subjected 
to the crucial test at the table, nedther 
eggs nor chickens were tainted with any 
noticeable flavor. 

To prevent goiter, swallow sea-weed. 
This is not the medieval prescription of a 


“herb wizard,^’ but the ultra-modem ad- 
vice of J. W. Turrentine, government 
expert on the chemistry of the hundred- 
foot-long kelps of Pacific coast waters. 
It is based on the fact that these sea- 
plants are rich in iodin, shown by recent 
medical research to be necessary for the 
prevention of the disfiguring neck dis- 
ease. Dr. Turrentine states that because 
the iodin of sea-wced is held in a nearly 
indigestible gelatin-like substance, it is 
released info the system very slowly to 
do its beneficial work, whereas the easily 
soluble iodin salts commonly employed 
are quickly eliminated from the circula- 
tion, though they may work mischief by 
causing skin eruptions before they do so. 
Dried kelp ground up into flour is the 
form in which this marine vegetable 
iodin is to be administered. One can get 
kelp-flour tablets if he wants to take his 
medicine straight, or he can get kelp- 
flour candy or biscuits if lie wants to 
take it under a pleasant camouflage. 

This having been the fiftieth anniver- 
sary of the founding of the American 
Chemical Society, a program of unusual 
scope and character had been prepared. 
There were 392 papers listed for the 
meeting, each presenting some new con- 
tribution to the science, and it was nec- 
essary to hold sessions of several sections 
simultaneously to get them read. Consid- 
ering in addition the attractions of the 
Sesqui-Centennial and the hospitality of 
the Philadelphians, the chemists needed 
injections of the proposed anti-sleep po- 
tion to cany them through the week. 
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OUR GIANT MOTHS 

By Dr. AUSTIN H. CLARK 

SMITJ ISONIAN INSTITUTION 


Kleuant in form and beautiful in 
color, few livinj^ tiling are more at* 
tractive than the j^iant moths. While 
very few of them are ever liarmful to us 
many are very useful, for from their 
cocoons come the so-called ^Svild-silks” 
of eastern and south(*rn Asia and the 
Bast Indies. 

Of the moths yielding? the ‘'wild 
silks’^ the most important are the Chi- 


nese and the Indian tussur moths, tlie 
moon^a and the meziinkoorie moths of 
Assam, and tin* Yama-mai moth of 
Japan, all of which are allied to our 
polyphemus (Pi^. 7) ; the eria or arrindi 
moth of Bengal and Assam and the 
cynthia of China (Pij?. 6), allied to our 
promethea (Figures 11, 12) and eecropia 
(Fif:^. 1) ; and the ^reat atlas moth of 
southeastern Asia widi the j^reatest 



FKl. 1.-THE CECIIOPIA, FEMALE. 
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FKJ. (X)(X)()N OF THE CECROPIA, (TIT I\ IIAI.F. 


s[)iva(l of Aviii^ ol* any motli, up to clevon 
an<l tliroc qiiai’tors inc^lios. Several otlier 
kinds are also of more or less im[)()rfanee. 

Some of these great motlis in the 
countries Avhere they live an* more 
less domesticated, and extc’nsive cHorts 
have been made further to develo]) them 
as a source of silk in Asia, in Kumiaj 


and in North America. Hut in spite oi 
this the so-call(Hl silk-worm moth, the 
only truly dorm'sticated insect, whicli 
belongs to (|uite a different group, still 
holds first jdace as the world \s silk pro- 
ducer, as it did more than forty-five hun- 
dred years ago. 

We are so fortunate as to have quite a 



FIG. 4.--A VERY SMALL CEC^ROPfA (XKX)()N, FROM WHUTl A PERFECT ADUtT 

EMERGED. 

FIG. 5.— A (TXmOPIA COCOOS TORN OPEN PY A WCKIDPECKER. 




OUR or ANT MOTHS 


387 


fair number of these motlis. From 
late spring up to mid-summer, occa- 
sionally also in tiie autumn, you some- 
times come across them. You notice 
them most fre(tuently tlyinj? about el(*c- 
tric lij?hts or perhaps seated on the lij^ht 
pole or on an adjacent tree or fence. 
Sometimes they ilutt(*r at your windows, 
or you see the males at dusk tlying 
swiftly by wdth a strong erratic dodging 
flight or the females flying by in almost 
a straight line with little deviation. 
Two of ours fly by day. 


often meet witli them. But you often 
find their remains upon the sidewalk 
near electric lights, or come upon them 
while w^alking in the woods. 

All our largest native moths belong 
to a single grou[) known as the satur- 
nians. TIkut ar(‘ very many moths be- 
longing to this group, most of them 
found only in the tropics. All of them 
are large, and some are very largo, 
almost a foot across the wings. The 
largest live in southern and southeastern 
Asia and thence southward to Au.stralia. 



Fk;. (i. THE (^VXTllTA, FEM.VEE. 


Most of these great moths ai’c really 
very much more common than they seem 
to be. Nearly all of them fly only after 
dark, and mo.stly high above the ground. 
Though they sometimes come to lights, 
as a rule they do not pay mneli attention 
to them. In the daytime they remain 
quietly sitting in the trees, usually liigh 
among the branehe.s, so that you do not 


A very interesting thing about the 
moths h(*longing to this group is that they 
feed only as ca' pillars, in the moths 
themselves the mouth })arts are much re- 
duced, and sometimes almost completely 
absent. After emerging from the chry- 
salis these moths can not eat at all, but 
must live entirely on the surplus food 
material stored up within their bodies. 
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In the late summer you oeeasiorially 
find enormous caterpillars, light green 
in color and very stout, which lack the 
conspicuous tail seen in the tomato and 
tobacco worms. These are the young of 
our giant moths. 

With us all these great moths s]>end 
the winter in the pupa stage. Most of 
them construct a silk cocoon which is 


lying on the sidewalks when the leaves 
are falling. The caterpillars of a few 
of these large moths burrow in the 
ground and form the pupa there. 

The largest of our native moths, and 
a very common one, is the cecropia 
{Sarnia cccropia). This moth (Fig. 1), 
which measures up to seven and one half 
inches across its extended wings, is of a 



I’Ki. y. A rO(XX)N OF TIIK J»()1A'IMIEMUS, WITH Ax\ ATTAOTTMKNT TO THE 
HKANCll; ON TllK KKHIT THE COCOON IS SHOW^N CUT IN JIAIAES. 

FIO. ID.— <’0(’00N%S OF THE EUNA. 


tough and thick enough to protect them 
from the elements. Some fasten their 
cocoons securely to the twigs of tn'cs so 
that the wind can not tear them loose, 
while others spin their cocoons in such 
a way that they are attached only to the 
leaves and with them fall to the ground 
in autumn. You sometimes see these 


generally grayish color more or less 
shaded with red. The margin of the 
wings is earthy gray. Their outer third 
is marked by a narrow line of white out- 
wardly bordered with a broader line of 
red. Eaeli wing bears in the center a 
large crescentic si)ot of white and red 
outlined in black. The body is briglit 
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red witli a wliite collar and white stripis 
across the abdomen. The fet'lers or an- 
tenme are beautitully feathery, very 
much broader in the males than in the 
females. 

This moth flies from late in May to 
the middle of July, and is often seen 
about electric lights. '^J'lu' large green 
caterpillar feeds on many kinds of trees 


more tluni four inches long and much 
inflated. Tlu*so large cocoons are usually 
constructed near the ground. The silk 
when fresh is reddish, sometimes fairly 
dark and sometimes nearly white; it 
fades to dull gray in winter. When con- 
structing the cocoon tlu^ caterpillar 
draws down to it several leav<‘S by which 
it is concealed. Tliese fall away in win- 



r 

FIG. i:;. (H)('()()N»S OF TIIK FUOMKTMKA. 


and shrubs. The cocoon (Figures 2-4) 
is attached firmly to a twig along its 
longest side. It vari(‘s very much in 
size. I have raised a p(*rfect, ihoug^i 
small, moth from a cocoon wliich was 
only an inch and three (juarters long; 
on the other hand the cocoons may be 


ter so that tlien the cocoons become 
conspicuous. 

The woodpeckers in the winter destroy 
great inunbtTs of th(;m, tearing a hole in 
them and through this hole eating out 
the inside of the pupa (Fig. 5). Squir- 
rids also (ud them. 
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FIG. 15. -THE AJS'GULIFEBA, FEMALE. 
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In the vicinity of Washington, Phila- 
delphia, New York and Boston there 
lives a handsome moth known as the 
eynthia (Philosamia cynihia). This 
moth (Fig. 6) is much like tlie cecropia 
in its markings, but it is olive green in 
color, fading to dull yellow, and its wings 
are narrower. In Washington it is com- 
mon in late May and June, and again in 
the first week of August; there is a third 
brood in October; but at this time the 
moth is much less common than in the 
spring and summer broods. Of 250 
cocoons taken from a tree in Washington 
last October, 50 liad recently hatched 


small for such a large moth, and is con- 
structed within a leaflet of the food 
plant which is wrapped about it; from 
the cocoon a heavy band of silk runs up 
the stem of the leaflet and along the 
midrib of the compound leaf to the twig 
to which it is attached. Often two or 
more leaih'ts arc involved in the forma- 
tion of one cocoon. 8om(‘times several 
cocoons will have a common stem, or two 
or even three cocoons may be spun to- 
gether in a mass in such a way that the 
escape of only one of the moths is 
possible. 



FKJ. !().— (X)(X)()NS OF TWK ANUULl FKUA. 


and some of the moths were still about. 
This would indicate tliat of this brood 
about one fifth of the moths liatch in the 
autumn wliile four fifths sleep till 
spring. Many, indeed, sleep on until the 
middle of the summer when the children 
of their brothers and sist(*rs are on tin* 
wing. The eggs laid by the moths that 
ily in autumn are all killed by the win- 
ter’s cold. 

This moth often flies by day in the 
brightest sunlight, wlien you are likely 
to mistake it for a great greenish yellow 
butterfly. 

The caterpillar feeds almost cxclu' 
sively on Ailanthns trees. The cocoon is 


This moth \vas introduced from (liina 
as a silk-worm moth in 18()1. 

CVimmonor than the cecropia and 
neai’ly as large, though much mon* vari- 
able in size, is the polyiihernus {Tvha 
polyphi 7 nus) . In color the polyphenius 
(Fig. 7) is usually tawny yellow with a 
large black and blue spot in the middle 
of each hind wing. There is a trans- 
parent spot on th( fore wing and another 
in the out(*r part of the black and blue 
spot on the hind wing. Sometimes the 
wings are reddish, and they may vary 
all the way from cream color to olive or 
blackish brown ; but dull yellowish is the 
usual shade. 
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111 tlio iiorlh this moth appears only 
from late in May to the middle of July, 
but in the soutli there is another brood 
in the late summer. About Wasliington 
it is seen commonly in latc' May and 
June, but only seldom in the autumn. 

The caterpillar, which is a brip^ht 
translucent f?r(*en witli a brown head, is 
short and clninky. It feeds on very 
many kinds of trees. Fifty-six days 
after hatching? from the one of these 
(*at(‘rpillars had increased to four thou- 
sand on(i hundr(‘d and forty times its 
original w’eight ; durinj? this time it had 
consumed (»ij<hty-six thousand times its 
orij^inal weifi^ht in food. 

The cocoon (Fiji^. D) is ovoid, very 
tou^h and dense, and is spun usually 
betwism two leaves, fallinj? to the ground 
with them. Rarely the eaterjiillar runs 
a thin band of silk up the stems of one 
or l)oth of the leaves and thus fastens 
the cocoon more or less se(*urely to the 
branch. 

3'be most beautiful of all of our large 
moths is the lov(*ty light green long- 
tailed luna {Trojxfa luna). This is a 
common moth (Fig. 8) but is less often 
seen than the eecropia or the poly- 
phemus, as it prefers woods to the more 
open country and does not fly so early 
in the evc'iiing. It usually first appears 
long after dark and flies till morning, 
while the others appear at sundown and 
fly but little in the darkest hours. 

Th(‘ male luna has a much less erratic 
flight than the males of the other giant 
mofhs. Instead of sw’ooj)ing and dart- 
ing this way and that, as is their habit, 
it is fond of dancing up and down for 
several feet about the outer l)ranches of 
a tree, sonudhing like a ghost-moth. 

The luna appears abundantly from 
May to July, and again in much smaller 
numbers in late August and September. 

'Idle caterpillar is very much like the 
catc'rpillar of the polyphemus, but tlic 
head is green instead of brown and each 
division of the body has a fine white line 
around the sides and back. It feeds on 


many different kinds of trees. The 
cocoon (Fig. 10) is like that of the 
polyphemus, but is very thin and 
papery. It falls to the ground in the 
same way. 

The commonest of all our larger 
moths is the promethea (Callosamin 
prom € then) . Tliis is not so large as those 
just mentioned. The female (Fig. 11) 
looks like a small dull reddish eecropia, 
but the male (Fig. 12) is black with a 
putty colored l)order to the wings. 

This moth appears in late May or 
early June, usually later than the 
cecrox^ia or polyj)hemus, and flies till 
August. A few are seen in the late sum- 
mer. The black male flies only in the 
daytime, with a very irregular sw'oo])ing 
and darting flight. It is commonly mis- 
taken for a large black butterfly. The 
female Hies only at night with a direct 
and heavy flight. 

The caterpillar looks like a small 
ceerojjia cat(*rpillar. It feeds especially 
on wild cherry, tulip tree, sassafras and 
spice-bush, but also on other trees. The 
cocoon (Fig. 13) is tw^ice as long as 
broad and is constructed within a leaf 
which is w'rapt)(‘d about it. A thick 
band of silk runs up the leaf st(*m and 
is fastcjjcd to the twig, and sometimes 
the twig is in the same way fastened to 
the branch. After the falling of the 
leaves these cocoons an* very easily seen 
as they dangle fj’oni the brancln*s. 'riiey 
are quite common along roadsides and 
in the more open woods. 

Very much like the X)romolhea but 
larger and much less common is the 
angulifera {Callosamia anyulifrra) , In 
this moth the males (Fig. 14) are dark 
brown instead of bla(*k with a prominent 
white angular sxot in the middle of the 
fore wings. The femal(‘s (Fig. In) are 
much lighter and more yellowdsh than 
the females of the promethea, with a 
large angular white spot in the middle 
of all the wings. 

Wber(*as in the promethea the males 
are day fliers and the females fly at 
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ill the anjfulifera both sexes are 
ni^ht Hiers. 

The eaterpillar of this motli sometimes 
makes a eocoon like tliat of the prome- 
thea (Pi^. 16), but usually it is not 
fastened to the twi{? so that it falls in 
autumn with the leaves. 

In addition to those motlis we hav<‘ 
thr(*e others of a different, though re- 
lati’d, f^roiip which are ri'inarkable foi* 
their large size. Of these the caterjiil- 
lars do not mak(^ co(*oons but burrow in 
tlie ground and transform to pupa* there 

The largest, as well as the commonest, 
of these moths is the imperial motli 
{Eaclcs ivipcrwlis) (Pig. 17). This 
measures about the same as the ee(*ropia 
across the wings, but the wings are nar- 
rower. Its color is bright lemon yellow 
with dull rose markings whicli are much 
more extensive in the males than in the 
females. It Hies only in June. The 
caterpillar, which varies from green to 
brown or nearly black and is sometimes 
spotted, feeds on many kinds of trees, 
including pines. 

Another moth, not (piite so large, is 
the royal walnut moth {CUheronia 
regalis) (Pig. 18). In this the fore 
wings are grayish olive or purplish with 


red \eins and a few oval yellow' spots, 
and the hind wings arc dull orange. It 
is found in June. The caterpillar is 
<*alled lh(‘, ‘Miiekory horn deviT^ and 
commonly lives on hickory and walnut 
trees, but also on many other kinds of 
trees as w'ell. 

The j)ine devil moth (Citlieronia 
sepulchral is) is similar in form, but is 
smaller and dull brown in color. It 
Hies in flune and is rather rare. The 
cater[)illar feeds on pines. 

Besides these native giant moths there 
iWi) two others of a very diflVrent type 
.spreading about Hve inches which some- 
times .stray hen*. In these the feelers 
or antenna* an* very long and thread- 
like. Both are abundant in the tropics 
of America, wlu‘ncii they arc sometimes 
blown far northward. 

The commoner of these, called K rebus 
odora (Pig. 19), is brown in color with 
a more or less marked scalloped line of 
white across tin* wings and a dark eye 
spot near the front border of the fore 
wrings. It lives normally as far north as 
southern Plorida and the warmer por- 
tions of the (lulf states, but occasionally 
is blown far northward, even reaching 
Canada. 
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In the tro])ics it is extremely common. 
In the hotel in which I stayed in 
Caracas, Venezuela, these great moths 
were a i)erfcet pest. They were abso- 
lutely (iverywhere ; the folds in the 
])ortieros especially were full of them, 
(iremt numbers of dead ones were swept 
up from the rooms and corridors each 
morning. 

The otlier casual visitor from the 
tropics is Thysanin zenohia, much like 
the preceding 1ml light gray with brown 
markings on the upper side and yellow 
and black beneath. Normally it just 
reaches southern Florida and southern 
Texas, but I once took one in Washing- 
ton a few days after a liurricane had 
sw(‘pt across the Florida i)eninsula. 

Very much like tliis is the largest of 
all American moths, the great owl-moth 
of tropical South America {Thysanin 
ayrippimi) which measures almost a foot 
across its w’ings. 


This completes our list of giant moths, 
except for a few whicli are of more 
restricted distribution. The two last are 
only of casual occurrenetj. Most of the 
rest arc common, and some are very 
common. You do not often see them, as 
they mostly stay high up in the trees 
and only fly by night. But if you know 
how to go about it you can get them 
easily. 

What is the significance to us of these 
giant moths? In the first place none of 
them are sufficiently abundant to cause 
us serious trouble. The caterpillars of 
the polyphemus alone have sometimes 
proven destructive in limited areas; but 
they are large and easily controlled. 
The numbers of this moth are usually 
kept well within bounds by ])arasites 
and birds which kill the caterpillars, as 
well as by rats, scpiirrels and moles 
wdiich tear open the cocoons and eat tlie 
chrysalids. 



Pin. IS.— THE ROYAL WALNUT MOTH. 
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Many elTorts have in the past been 
made to utilize the silk in tlie cocoons. 
The cocoons of the promethea (Fi^?. 13) 
and the anj^ulifera (Fi|?. 16) arc so very 
dense and so very strongly gummed that 
the silk can not be reeled; but tlie 
cocoons of the cynthia, which are very 
mucli like these, are of a looser texture 
and are widely used for making silk in 
China. 

The cecropia and its allies make a 
large cocoon (Figures 3-5) ; but in spin- 
ning it the caterpillar leaves one end 
open for the exit of the moth whicli pre- 
vents the reeling of a continuous thread, 
though it is possible to card the silk 
Although quite strong the silk has not 
much brilliancy, and the caterpillars are 
too delicate to be raised in numbers. 


The cocoon of the luna (Fig. 10) is so 
thin and frail and the silk so weak that 
it is not possible to reel it. 

The silk of the polyphemus has a very 
strong and glossy fib(*r and the cocoon 
is closed at either end (Fig. 9). Sixty 
years ago great liopes w(*rc cnterlained 
that this moth might become an impor 
tant silk producer, like its relatives in 
eastern Asia. In 1865 on one estate 
alone not less than a iniliion of these 
huge caterpillars could be seen feeding 
in the open air on scrub-oak bushes cov- 
ered with nets, five acres of woodland 
were swarming with them. 

But this thriving colony wa.s wiped 
out by a di.sease brought to this country 
with the eggs oL* an allied moth imported 
through Paris from Japan. 





ATOMS OF ENERGY' 

By Dr. PAUL R. HEYL 

BUREAU OF STANDARDS 


One of the earliest of the j^reat seien- 
tifie achievements of the iiiji(‘teeiitli 
century was the establisliment of the 
atomic tlicory of matter. 1'he id(*H was 
not new. It had been sngj^ested hy the 
ancients; Newton and Hoyle had used it 
as a workin^( hypothesis; but llic final 
establishment of the tlicory came only 
after the work of Dalton. 

l^rior to Dalton atomic ideas had been 
purely (pialitative ; he was the first to 
reeof'iiize the si|a:nificant fact that whole 
numbers ])lay(‘d an important ])art in 
chemical combinations. This fact, for 
which no (‘xplanation could be j^iveu on 
the hypothesis that matter had a con- 
tinuous sti'ucture, was seen at once to be 
a simi)l(* and natural eonse(|ucncc of the 
tluHiry that matt(‘r was composed of in- 
divisible atoms which by their union 
with each other jrave rise to the whole 
number ratios expressed by Dalton’s 
laws of simple* and of multiple ])ro])or- 
tions. 

The fruitfulness of the atomic theory 
has be(*n remarkable. The whole of 
modern chemistry is founded upon it; 
and while such pliysical phenomena Jis 
can be formulatetl by the principles of 
thermodynamics or of relativity may 
not, perhaps, rc'quire the atomic con- 
cept, in most physical theory it is 
supreme. 

So lonjr and so completely has llie 
atomic theory dominated scientific 
thinking? that many to-day may find it 
hard to realize that there could ever 
have been any other point of view, at 
least of late y(*ars; yet the theory that 
matter was continuous in structure had 
its adherents all throuj^h the nineteenth 

1 Published by permission of the Director of 
the Nationul Duroau of Standjirds of the U. JS. 
Department of Pommoree. 
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century, includinj^ men of the standinji: 
of T. Sterry Hunt, the j<eologist, who 
died in 3892. The last notable o])}>onent 
of the atomic theory, Ernst Mach, of 
Vienna, died as recently as 1916.^ 

It is interestiu}? to notice that this last 
adherent of a lost cause lived to s(*e thij 
atomic idea, after conquering? the domain 
of matter, invade that of ener}?y; for i\ 
was in 1900 that Planck^ put forward 
the hypothesis that energy, which up to 
that time had been tacitly accepted as 
continuous in its nature, must be re- 
j?ardcd as made up of indivisible atoms, 
or (pianta. So fertile has this concept 
proved that it may be permissible to 
style Planck the Dalton of the twentieth 
(*ent ury. 

But just as the atomic concept was not 
entirely new to Dalton, so the idea that 
enerjfy mi*?ht be at least irrej?ular in its 
structure had been suggested before 
Planck. .1. fl. Thomson, in his Princeton 
Lectures on the “Discharge of Knergy 
through Cases“ (1S9S, page 42), meii 
tions with some wonder that by subject- 
ing a gas to the action of X-rays the 
number of charged ions produced in the 
gas was v(*ry much smaller than might 
reasonably be expected. With hydrogen, 
for instance, less than a million millionth 
of the gas was ionized. Even with 
vafiors of iwline and of mercury, much 
better conductors than hydrogen, the 
fraction of the gas ionized was still 
negligibly small. Thomson’s explana- 
tion of this fact, later given, was that 
the wave front of tin* X-rays was not 
uniform, but rath(*r of a beady or lumpy 
structure, the energy being concentrated 
in spots and spread out thin elsewhere. 

*Brauner: Nature, June 128, 1024, page 927. 

aPlanek: Verh. d dtutsch. phyn, Gesell 
sdtMft, 1900, page 2.17. 
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Only when one of those intense spots ol* 
energy hap[)ened to strike a gas molecule 
would an ion be formed, the thinner and 
weaker portions of the wave front being 
unable to produce this effect. 

Carry this idea to its logical limit; 
concentrate all the energy in a number 
of spots of great intensity, with intei’- 
spaccs completely devoid of energy, and 
we have the modern conception of a light 
wave on the (piantum theory. Such a 
wave front, if sufficiently magnified, 
wmuld present not a uniform field of 
illumination, but a number of intensely 
bright spots rather siiarsely scattered on 
a dark background. 

Thomson \s suggestion is interesting as 
a forerunner of later ideas, but like the 
atomic theory before Dalton it lacked 
the (luantitative element. This was 
supplied by Planck; and as with the 
atomic tlieory, it was the (juantitative 
touch which gave the new concept its 
fertility. 

In putting forward the suggestion of 
the atomicity of energy IManck had not 
ill mind tin* plienomenon described by 
Thomson, but was led to his hypothesis 
by a certain long-standing difficulty in 
the theory of radiation. Many attempts 
had been made to find a formula which 
should represent the distribution of 
energy in the spectrum of a glowing 
body, but without complete success. 
Agreement with experiment was in no 
case satisfactory in the region of the 
longer wave lengths, though fairly ac- 
ceptable in all the rest of the spectrum. 
The accuracy of the experimental results 
did not (‘sca])e suspicion ; but careful 
and repeated work confirmed the dis- 
crepancy. Planck finally concluded that 
agreement would never be satisfactory 
on the basis of the existing ideas of the 
nature of imergy. The new itlea which 
he j)ut forth is suggestive of Jhilton in 
that he pointed out the importance of 
the part played by whole numbers. 

According to classical ideas a vibrat- 
ing molecule or atom might contain any 


amount of energy and lose it gradually 
by radiation, the retained energy dimin- 
ishing in amount by imperceptible 
stages. Planck denied this, and asserted 
that the contained energy must always 
be a multiple of a certain fundamental 
unit called the (luantum. This unit is so 
small (of the order of a million millionth 
of an erg) that it may bo said that there 
is no perceptible difference between this 
and a continuous struct ure; yet tlie same 
might be said of atoms of matter. As a 
mattm* of fact, the sizes of both atoms 
and (juanta are sufficient to make a 
noticeable difference. 

According to the idea proposed by 
Planck, when a moh'cule gains or loses 
(‘iiergy it must do so by sudden jumps, 
one or more rjuanta at a time, and not 
by a continuous change. The diff'erence 
between this concept and the older idea 
may be illustrated by a box containing 
a number of e(|ual marbles. If the con- 
tents of the* box vary, it must be by 
jumps of one or more marbles; and the 
w(*ight of tlie marbles in the box at any 
instant must always be a whole multiph^ 
of that of a single marble. But if the 
marbles be finely iiulverized the Avhole 
numb(‘rs 1 1 isa i ipea r, and con t inuous 
change is possible. 

Revolutionary as was this concept it 
has abundantly justified itself and has 
tloubtless come to stay. Ajiplied to the 
[ireviously unsatisfactory radiation for- 
mula it produced the change necessary 
to remov(‘ the iliscrepancy wdth experi- 
ment in the region of the long wave 
lengths without spoiling the agreement 
in the re.st of the sjiectrum. This alone 
wM)uld have been a sufficient justifica- 
tion, but it was not all. Planck had 
builded better than he knew\ 

A similar discrepancy had long ex- 
isted in the theory of atomic heats. 
Every student of chemistry learns 
Dulong and Petit s law, wdiich states 
that the product of the specific heat of 
an element by its atomic WTight is a con- 
stant quantity. Stated in this tradi- 
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tional form it is but ii poorly obeyed 
law, for the ‘^eonstanC* turns out to 
have unexpected and unaccountable 
fluctuations, especially at low tempera- 
tures. Here we have again a law that 
fails at one end. It was but natural 
that the (juantum concept, wliich suc- 
ceeded so well in the similar case of the 
energy of the spectrum, should be called 
into play in this connection also. 

Tlie first to make this application was 
Einstein, whose contributions to the 
quantum theory have been so important 
that had lie never written a word about 
relativity his reputation would still be 
second only to that of Planck. Einstein 
was followed by others (Ncrnst and 
Iniidemann, Debye, Born and Karman) 
who added successive improvements to 
Einsteins formula until the erratic 
behavior of the atomic heat was satisfac- 
torily c.vpressed. Still again, in connec- 
tion with the curious pIiononnMion known 
as tlie photo-electric effect, the new con- 
cetit showed its power. Here the action 
of light upon certain metals causes them 
to emit electrons. Einstein applied the 
«]uantum concept, and succeeded in 
obtaining by its aid a satisfactory formu- 
lation of the phenomenon. But by far 
the mo.st important and far reaching of 
all the applications of the (piantum idea 
has been that by Bohr to the structure 
of the atom. This, however, is too long 
and perhaps too familiar a story to be 
told here. 

In its successful application to these 
cases that we have mentioned the quan- 
tum concc])! finds its justification for 
existence; it works well where the classi- 
cal theory breaks down. 

It must not be inferred fron; this that 
tlie classical theory has suffered a com- 
plete rout, and that the quantum concept 
is an undisputed conqueror. Far from 
it. In certain matters, especially in the 
domain of interference, it is the classical 
theory that works well and the quantum 
concept that is helpless. The present 
situation as between the two theories is 


a deadlock. As Lodge says, the two con- 
cepts are like a shark and a tiger, each 
.supreme in its own element, and helpless 
in that of the other. The solution of the 
difficulty lies undoubtedly in attaining 
some broader concept of which the two 
will be seen to be special cases. 

As yet we have no satisfactory mental 
picture of a (luantum. Then^ is much 
to .suggest thei old idea of light cor- 
puscles, but just as forcibly as a hundred 
years ago the ph(*nomenon of interfer- 
ence puls an end to that. There must 
be something periodic in the structure 
of a (juantuin. 

This conclusion is .strengthened by the 
fact that different quanta have not all 
the same eiuu'gy value. Th<*ir magni- 
tude, measured in units of energy, varies 
with the source which gives rise to them. 
For example, the energy in a beam of 
hmI light appears to be made up of units 
each of the value of 3x10 erg, while 
the units of violet light have double this 
amount of energ}\ The energy of a 
quantum is proportional to the fre- 
quency of the vibration of the source 
which emits it. 

Attempts to visualize a cjuantum have 
not been lacking. One of tlie earliest 
.suggestions was that it might be a train 
of waves of finite length, a ‘‘darl,^^ as 
Silberstein called it. And sinci^ inter- 
ference can be obtained with a difference 
of path of the interfering rays of fifty 
centimeters or more, it follows that a 
(|uantum would have to be that long; for 
interference can take place only between 
two trains of light that have .started 
from the .same sourci' at the .same time. 

But Lorentz'* called attention to the 
fact that a similar line of reasoning 
would indicate that a (|uantum must be 
several limes as broad as it is long. In 
Michel.son's work on star diameters in- 
terference was obtained from rays that 
Avere as much as six metiu’s apart. The 
simile of the dart is, on such considera- 

•‘Lorciitz : Nature, April 20, 1021. 
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tioiu, replaced by that of a piece of cor- 
rogated iron roofing. 

Moreover, a quantum of energy must 
be capable of entering the pupil of the 
eye, or of being absorbed by the much 
smaller electron, an operation suggest- 
ing the celebrated pacUng of the genie 
into a bottle. 

It is evident from the contradictions 
arising from these different considera 
tions that we are dealing with something 
much broader and more general than any 
of our present attempts to grasp it. In 
this respect we are like the three blind 
men of the Hindu story who went out 
to see the elephant. An obliging friend 
led them to the place where the elephant 
was, and said: “Now, there he is, just a 
few steps in front of you. Go and ex- 
amine him. ’ ’ And they advanced slowly 
with outstretched hands. 

The first man happened to touch the 
trunk of the elephant. He felt it up 
and down, and said: “How wonderful! 
An elephant is like a young tree with 
rough bark!” But the second, who felt 
the elephant’s tail, said: “How can you 
say that! An elephant is much like a 
piece of rope!” And the third, who 
touched the side of the creature, said: 
“You are both wrong; an elephant is 
like a great, broad, flat wall!” 

A notable attempt to form a mental 
picture of the quantum which shall be 
free from absurd contradictions has been 
recently made by J. J. Thomson.* He 
suggests that the quantum may be a ring 
or closed Faraday tube of force travel- 
ling through the ether unchanged in size 
or shape, surrounded by a system of 
Maxwellian waves, their wave length 
being equal to the circumference of the 
ring. This gives the quantum its peri- 
odic element, though Thomson does not 
regard these waves as instrumental in 
producing interference, nearly or quite 
all of the energy of the quantum being 
in the ring. The function of the waves 

5 Thomson: '^Fison Memorial Lecture/’ 
1925. Oambridge Uniyersity Press. 


is to guide the ring in its path as it 
travels. 

Thomson considers the statistical aver- 
age distribution of these quanta (which 
is aU that the eye or photographic plate 
can detect) and comes to the conclusion 
that after passing a slit they will be 
spread out in such a fashion as to simu- 
late the well-known appearance of inter- 
ference bands. 

The strength of this suggestion of 
Thomson’s lies in its breadth and inclu- 
sive character. He recognizes that the 
undulatory and the quantum concepts 
both have a valid reason for existence, 
and attempts to combine them into a 
dual structure, one part of which is sim- 
ilar to that of the undulatory theory 
and the other to that required by the 
quantum concept. Both parts of the 
structure, ring and waves, have lines of 
electric force as a common foundation. 

The effort spent in attempting to 
reach a satisfactory mental picture of 
the quantum is evidence of the recogni- 
tion of the fact that the concept is here 
to stay, and that we must do our best at 
an understanding of it. 

The inadequacy of the classical wave 
theory to account for such phenomena 
as have become familiar to us of late 
years is perhaps not widely appreciated. 
One of the best cases of this kind is 
found in the photo-electric effect. The 
argument is well summarized by Jeans 
in his “Report on the Quantum 
Theory.” 

There are certain metals such as 
sodium which emit electrons when light 
of a certain critical frequency or higher 
falls upon them. For sodium, this criti- 
cal frequency is in the yellowish green 
of the spectrum, with a frequency of 
5.15 X 10^* vibrations p6x--cecond. Light 
of a frequency equal to or greater than 
this will cause an immediate emission of 
electrons, while light of any lower fre- 
quency, no matter how intense or long 
continued, will have no such effect. 
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This immediate emission of electrons 
can be explained on the wave theory 
only by some sort of resonance or trigger 
effect. If there is in the sodium an elec- 
tron vibrating with this critical fre- 
quency, and with such energy that it is 
just about ready to break loose, it might 
be that a very slight stimulus from the 
light wave would bring about the libera- 
tion of the electron. On this hypothesis 
we are to suppose that there are in the 
sodium electrons vibrating with all fre- 
quencies from the critical frequency 
upward, but none of lower frequencies. 
It appears impossible to reconcile such 
an idea with spectroscopic evidence. 
Every solid when heated to incandes- 
cence gives a continuous spectrum con- 
taining all frequencies, high and low; 
and even the more limited spectrum of 
gaseous sodium contains lines of lower 
frequency than the critical photo-electric 
value. 

But without some such trigger effect 
the absorption of sufficient energy to 
liberate an electron would require more 
time than is actually the case. Campbell 
states this point excellently in his 
“Modern Electrical Theory’’ (1912) : 

A photo-electric effect can certainly bo ob- 
served when the energy falling per second on 
one square centimeter of the substance is much 
less than one erg, . . . and the energy of each 
electron liberated by it can certainly be greater 
than 10-13 erg. ... On the ordinary theory of 
light an electron can not absorb more energy 
than falls upon the molecule in which it is con- 
tained; but the area covered by the cross sec- 
tion of a single molecule is certainly less than 
10-15 Hquaro centimeter. It appears then that 
no electron could acquire the energy with which 
it actually emerges unless the light had acted 
for one thousand seconds, or about a quarter 
of an hour. ... As a matter of fact, the effect 
appears to start simultaneously with the action 
of the light. 

As a desperate attempt to retain the 
wave theory in such a case as this it has 
even been proposed to abandon or 
modify the doctrine of the conservation 


of energy. The difficulty is that there 
is not enough energy in the wave front 
at any point and at any time to do the 
required work, and yet the work some- 
how gets done. It has been suggested 
that when a continuous wave front 
strikes an electron the latter is stimu- 
lated so that in some way it actually 
creates in itself a quantum of energy, 
while to balance this there is an annihila- 
tion of energy over some other part of 
the wave front, not necessarily adjacent, 
and not necessarily happening at the 
same instant of time, so that statistically 
and on the large scale the balance is 
maintained. However, such experi- 
mental tests of this as are possible seem 
to negative the supposition.® 

Recently what has been called the 
New Quantum Theory has been put 
forth by a group of physicists headed by 
Born, of Gottingen. We must not over- 
understand the adjective ‘‘new’' in this 
connection. The theory is simply a new 
system of mathematical formulation, 
and not a new mental picture. It has 
often been remarked that in their pre 
dilcction for mental pictures and models 
the British physicists stand apart from 
their Continental brethren, who appear 
to be satisfied with a set of abstract 
mathematical formulas. 

The student of the quantum theory as 
it stands to-day must not expect too 
much. The theory is but a lusty infant, 
though growing rapidly. Enough has 
perhaps been said to justify the state- 
ment that the quantum theory embodies 
the most important concept yet brought 
forth by the twentieth century. The 
theory of relativity, its only competitor, 
is already showing signs of reaching a 
barren stage, while the quantum con- 
cept, though some years the older, is still 
fertile and vigorous, 

« C. D. Ellis: '^The Light Quantum Theory,'^ 
Nature, June 26, 1926. 
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Human physiology is a Janus-faced 
science. One of its faces is turned to- 
ward the wide sciences of biology : those 
making the form of living matter their 
study, as anatomy and its microscopic 
subdivision, histology and those investi- 
gating the function of organisms: com- 
parative and general physiology. If we 
consider the enormous range of life, the 
varied forms which it aasumes, passing 
in review at land and sea, in amoeba or 
mammal, the pure importance of human 
life, stripped of its associations, will 
dwindle. And still, emotional interest in 
the human body is such that human 
physiology outgrew all its due propor- 
tions and is now towering above the 
more general biological sciences. Here 
modern science goes arm in arm with 
Scripture and religion: all plants and 
animals of the world are made subservi- 
ent to man’s egocentric interest and even 
the ‘‘purest” scientist can not help but 
harken to the constantly recurring bear- 
ings of his particular science upon 
human physiology. Beyond biology, 
physiology leans back still farther upon 
the exact sciences: physics and chemis- 
try and physical chemistry. And in the 
distance looms the quantitative thought, 
the mathematical thought. All physical 
science strives for a quantitative basis, 
all physical science is eager to create 
laws: It is ultimately nomotopic. And 
to reach this aim, two processes are 
necessary: (1) analysis, to simplify 
events and break them up into their 
components; (2) synthesis, upon the 
basis of broad induction which concludes 
in quantitative laws. 

But physiology shows another face, 
too. It is turned toward the clinic. 


toward pathology. As Claude Bernard 
says: “La science ne consiste pas en des 
faits, mais dans les cons6quence8 qu’on 
en tire.” It is a general human ten- 
dency — supported by modern utilitarian- 
ism — to be pragmatic, and thus Ber- 
nard’s consequences are apt to obtain a 
narrower meaning than intended by that 
great physiologist. The methods and 
results of physiology have been gradu- 
ally translated into clinical terms and 
form the large foundations of modem 
internal medicine. All that is science in 
medicine is physiology because it is 
through her that the strict nomotopic 
demands of the exact sciences are felt 
and are complied with. 

At one end of the scale, then, stands 
nonnal physiology. Its aim is the eluci- 
dation of the functions of the normal 
organism, both qualitatively and quanti- 
tatively. On the other end stands inter- 
nal medicine, based and built, both on 
its diagnostic and therapeutic side, upon 
physiology — but evidently upon a 
changed and enlarged physiology. This 
physiology has for its aim the establish- 
ment of laws under wliich organs and 
organisms work when diseased. Of 
course, disease as a deviation from nor- 
malcy has often a scarcely discernible 
bonlerline. At one end the normal func- 
tion may be retained, at the other, 
obliterated both in time and space. It 
is obvious, therefore, that normal physi- 
ology is at the bottom of explanation of 
all disease, but equally obvious that it is 
enlarged in scope. It has to consider 
deviations and their mechanism and in 
this widened scope fits in the new science 
of pathological physiology. 
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As to method, patho-physiology em- 
ploys the method of the sister-science 
which is the experiment. On account of 
this method, patho-physiology quite 
often, particularly in Germany, sails 
under the name of experimental pathol- 
ogy. But experimental pathology may 
be primarily interested not so much in 
pathological changes of function, but in 
those of form, and then we have the ex- 
perimental branch of morbid anatomy. 
There is such a thing as experimental 
morphology and we should isolate sci- 
ences regarding rather their scope than 
their method if that method is common 
to so many of them. I think that the 
influence of that famous statistician, 
Karl Pearson, is quite responsible for 
the persistence of methodological classi- 
fication. 

Let us consider the chief problems of 
this attractive science. In the field of 
the heart and circulation the ground is 
open in cardiodynamics. Normal physi- 
ology endeavors to establish the laws 
which govern the output of blood, the 
speed of the flow of blood through arte- 
ries and veins, and tries to set our whole 
knowledge of the circulation upon firm 
foundations of mathematical mechanics. 
This phase of physiology is becoming 
fast one of the most exact fields of physi- 
ology. The facts which it investigates 
are easily reducible to simple events, 
and methods of physics have been suc- 
cessfully applied. A step further is 
taken, when deviations from the normal 
function are produced. The methods 
producing these deviations are usually 
accessory to patho-physiology and might 
form part of another science in their 
scope. To illustrate: The valves of the 
heart very often show leakage, they do 
not regulate the movement of the blood 
from one chamber to another with accu- 
racy but permit blood to regurgitate in 
the reverse direction. Such conditions 
can bo experimentally produced by in- 
juring the valves mechanically. Now, 


patho-physiology is concerned with the 
mechanism which results from such a 
leakage and it hopes that after the laws 
governing that mechanism are estab- 
lished, we will have a clear understand- 
ing of what goes on in the living human 
being under similar conditions. How 
the original anatomical lesion causing 
the leakage occurs is an entirely differ- 
ent question and would fall at present 
within the scope of experimental mor- 
phology whose aim it is to study the 
diseased form. I say at present, because 
all anatomical interest might be ex- 
hausted after a while and physiological 
problems — such as the behavior of dis- 
eased cells in the valves under the influ- 
ence of infection, etc. — might come to 
the fore. Another great field for patho- 
physiology of the heart is the elucidation 
of various abnormalities within the 
heart-muscle itself — without reference to 
its dynamic aspect — the point of attack 
of the elegant method of electrocardiog- 
raphy. Or take the recent development 
in the study of the capillaries. Until 
recently the capillaries were neglected, 
neglected in spite of the fact that they 
form the bulk of cross-section of the total 
blood-containing equipment of the organ- 
ism and that it is through them directly 
that the all-important exchange of oxy- 
gen occurs. Professor Krogh, of Copen- 
hagen, pointed out the intricate mecha- 
nism and the widespread independence 
of these minute tubes and this important 
work opened up research into the 
changes of this mechanism in disease. 
Every phase of normal physiology has 
its immediate counterpart in patho- 
physiology, and not one but several 
counterparts, because there is but one 
normal condition, but the deviations 
from it are manyfold. 

Very closely interwoven with the 
main function of the circulation, i.e., 
the oxygenation of the tissues, are two 
other vital systems, that of respiration 
and the structure of the blood. The 
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study of respiration approximates the 
quantitative ideal of science: the in- 
take and distril^fition of air (accord- 
ing to depth of inspiration) has been 
measured; similarly, the concentration 
of oxygen and carbon dioxide in the 
innermost recesses of the lungs. We 
know many details of the mechanism 
of the oxygenation of the blood, the 
limits of the saturation with oxygen, the 
factors influencing this saturation. Nor- 
mal physiology teaches that the total 
quantity of hemoglobin (the oxygen- 
carrying pigment), the speed of the 
blood flow through the tissues, the (par- 
tial) oxygen pressure in the lungs are 
some of these factors. Each one of them 
may be expressed mathematically. 
Patho-physiology endeavors to alter 
these factors one by one and is at length 
able to find a mathematical formula for 
the pathologically insufficient saturation 
of blood with oxygen, a complicated con- 
dition, which the clinician expresses 
with the simple word ‘‘cyanosis.’’ 

The microscopic structure of the blood 
has been claimed as a separate field of 
medical science, so-called hematology. 
This field has been ploughed with great 
industry, particularly by Germans — so 
well adapted to painstaking detail work 
— ^but, from the point of view of form 
alone. A great field of pathological 
anatomy of the blood has been evolved 
with endless classification and nomen- 
clature. The pathological physiology of 
the blood — ^which is a complex and im- 
portant organ and not a mere passive 
“rolling stock’’ — is just beginning to 
rise. One of its interesting problems is 
the influence of the endocrine system 
upon the production of blood cells. It 
is very likely that organs like the supra- 
renal glands, the thyroid gland, etc., 
have a definite effect upon the creation 
of certain types of blood cells. A devia- 
tion in these relationships and there 
might develop the immensely complex 
group of “blood-diseases,” diseases 


rather of the blood-forming apparatus 
(such as the marrow of the bones, lymph- 
glands, etc.). 

The influence of these same glands 
upon our ability to resist infection is 
similarly a new channel. The suspicion 
is widespread among physiologists that 
most of the “anti-bodies,” which are our 
main weapons against invading germs, 
are produced by the lining of the omni- 
present capillaries. On the other hand, 
it is well known that these very capil- 
laries can easily be influenced by hor- 
mones. Very promising combinations 
may thus be thought of which show that 
patho-physiology links together such 
widely divergent territories as endo- 
crinology and hematology. 

This brings us in contact with the 
study of infectious diseases. It is the 
province of pathological physiology to 
investigate the conditions — chemical and 
mechanical — under which a microorgan- 
ism might attack the living tissue. It is 
further its province to investigate the 
migrations of these organisms and the 
production of poisons. Of course, much 
of this is open to anatomical methods, 
but there are many infectious diseases 
in which the localization and develop- 
ment of the specific poisoning can be 
determined solely by the experimental 
methods of physiology. Classical exam- 
ple in this respect is tetanus (lockjaw). 
The way the toxin of the tetanus-bacillus 
creeps up along the stem of nerves, the 
way it settles in certain portions of the 
spinal cord and the way the affected 
nerve cells change their reactions are all 
facts open to physiological experiment, 
but hidden to anatomic research. The 
complex phenomena of, e.g.^ typhoid 
fever or the r(‘lativcly simple ones of 
pneumonia — the latter deeply affecting 
certain chemical processes of the body — 
fall one by one under the domain of 
pathological physiology. The relation- 
ships between the “reaction” of the 
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body and the evolution of infections is 
another field inviting attention. 

Metabolism is one of the most reward- 
ing sections of pathological physiology. 
The discovery of insulin showing the in- 
trinsic relationships of endocrine glands 
to metabolism brought this home to the 
public. But this discovery does not 
bring us nearer to the solution of the 
diabetes problem; science still fails to 
evaluate all the conditions governing the 
utilization of carbohydrates. Disen- 
tangling one fact from another in the 
erstwhile so chaotic chemical processes, 
pointing out the substances which are 
the turning point in the transition of one 
great group of food substances to an- 
other is the task undertaken by physio- 
logical chemistry, which in turn serves 
pathological chemistry. These are after 
all but branches of normal, respectively 
pathological physiology. The discovery 
of the “accessory" food substances was 
guided primarily by clinical considera- 
tions: by the recognition of “deficiency 
diseases." The physiology of an organ- 
ism deprived of certain of its vitamins 
is pathological physiology, and this 
pathological physiology carries in and 
with it diagnosis and treatment of the 
resulting diseases. Pathological physi- 
ology is not only physiology. It is 
medicine. 

Physiology has recently begun to 
utilize in an ever-growing degree the 
achievements of physical chemistry. 
This science covers the territory adjacent 
to both physics and chemistry. Many of 
its problems have been investigated in 
the human body and its very exact meth- 
ods taken advantage of. Such problems 
are, taken at random : the permeability of 
the cells for various substances, the study 
of acidity and alkalinity of the organism 
and the intricate questions of colloid 
chemistry. All these problems have 
found their modifications in the light of 


pathology, and all the exact methods of 
physico-chemical physiology are now in 
the service of pathological physiology. 
This means that among many other 
things our understanding of one of the 
most vexed problems in medicine, that of 
Bright’s disease, will be more complete. 
Anatomical research, which assumed the 
leadership in pathology for the past half 
century, although having admirable work 
to its credit, has to take the blame for 
the burdensome confusion now reigning 
in this particular field. Physico-chem- 
ical processes, however, are at the bottom 
of cell-life and so we really can not re- 
strict the field of physico-chemical pa- 
thology to just one organ or one system. 
Its scope is immense and research just 
touched upon its possibilities. That re- 
search will slowly concentrate upon the 
functions of the diseased cells, giving a 
modern and exact rendering of Vir- 
chow’s famous phrase, “Zellular-patho- 
logie.” 

It would be easy to survey all organs 
and glance at the various workshops of 
pathological physiology ; no organ is in- 
accessible any more, the operations of 
each one of them are being watched with 
keen interest both in health and in dis- 
ease. This science offers the best oppor- 
tunities for ob.servation, the best methods 
of attack ; and while it concentrates upon 
its chief aim, to wit, to establish laws of 
disease and put pathological happenings 
in the body upon a quantitative founda- 
tion, applying the experimental method, 
it also keeps its eyes open for data that 
nature offers in her ordinary pace. It 
would be an important and timely thing 
to round out and define the field of path- 
ological physiology, fit her into a scheme 
of medical education, create a chair for 
her and start her on intensive and con- 
centrated work. In one word, she de- 
serves a place in the sun. 



THE FILTERABLE VIRUSES AND THEIR 

NATURE 
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In the early days of modern bacteriol- that had any causative connection with 
ogy the discovery of a causative relation- the corresponding maladies could be dis- 
ship between a number of bacteria and covered in the affected organs, the ques- 
certain infectious diseases gave rise to tion naturally arose whether low forms 
the hope that ere long all infectious dis- of animal life, visible only with the 
eases of hitherto unknown origin would microscope, might be responsible. A 
be linked up with organisms of this number of infectious diseases, like ma- 
order. But notwithstanding most pains- laria and amoebic dysentery, had as a 
taking investigations in this direction, matter of fact been traced to protozoa, 
this hope was not fulfilled. This seemed as the lowest known forms of animal 
rather remarkable. Smallpox, for ex- life are termed. There yet remained a 
ample, was evidently not due to the ac- large number of very evidently infcc- 
tivity of any one of the many bacteria tious diseases, however, in which neither 
which had from time to time been iso- by attempt at cultivation or by means 
lated from the pustules on the skin and of the microscope evidence of the pres- 
the various internal organs. Such or- ence of foreign living matter could be 
ganisms were concomitant of the disease detected. 

and responsible for some of its compli- In view of this situation two possibili- 
cations, but they could be ruled out as ties suggested themselves as affording 
the causative agents of the malady an explanation of the origin of such dis- 
proper. The fact, however, that associa- eases. On the one hand, it was concciv- 
tion on the part of a single individual able that living organisms might exist 
with a smallpox patient could give rise which were too small to be seen with 
to a widespread epidemic of the disease even the very excellent instruments 
was evidently an indication that the which were available at the end of the 
causative agent underwent rapid and ex- last century. On the other hand, there 
tensive multiplication, and multiplica- arose the question whether mere infec- 
tion naturally suggested the activity of tivity on the part of a disease necessarily 
living matter. As bacteria were then implied the activity of an animate agent, 
viewed as the lowest forms of life, it The idea that ultramicroscopic organ- 
seemed to follow that a bacterium must isms might exist was suggested already 
be the cause of such a disease as small- by Pasteur, when he failed to find bac- 
pox. Similar considerations seemed to teria in the brain and spinal cord of 
apply to many other diseases affecting animals which had succumbed to hydro- 
both man and animals, such as hydro- phobia, while the inoculation of minute 
phobia, infantile paralysis, mumps, tra- quantities of such material into other 
choma, measles, the hoof and mouth dis- animals produced the malady in ques- 
ease of cattle, hog cholera and many tion. Subsequently the belief in the ex- 
xnore. As bacteria such as they were istence of apparently invisible organisms 
known until very recently could be seen and their causative relation to infectious 
with the microscope, but as no bacteria diseases of unknown origin gained many 
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adherents, but it was not until 1892 that 
a disease-producing agent of this order 
was actually discovered. In that year a 
Russian scientist, Iwanowski, demon- 
strated that an infectious disease affect- 
ing tobacco could be transmitted to 
healthy plants by inoculation of small 
quantities not only of the freshly ex- 
pressed juice obtained from sick plants, 
but even after filtration through stone 
filters of great density. In 1896 Iwan- 
owski ’s observations were confirmed by 
the Dutch scientist, Beijerinck, and at 
the same time greatly amplified. Inas- 
much as the infective principle of the 
disease was capable not only of passing 
through dense porcelain filters with 
which Beijerinck worked, but permeated 
thick layers of a dense agar jelly, this 
investigator drew the inference that the 
agent in question could not be an organ- 
ized body. As the inoculation of the 
minutest trace of the infective material 
into healthy plants produced the dis- 
ease, and as this could be transmitted, 
moreover, through long series of plants 
with the resulting infection of the entire 
body of the plants, he concluded that 
the mysterious agent in question must 
be endowed with life, notwithstanding 
the supposed absence of a corpuscular 
form. He accordingly developed the 
concept of a contagium vivum fluidum, 
i.c., of a non-organized but animate dis- 
ease-producing body. This concept, it 
must be mentioned at once, could not be 
upheld, for it was shown subsequently 
that the permeation of the infective prin- 
ciple was after all the permeation not of 
a substance in solution, but of a cor- 
puscular body of such minute size that 
its constituent particles were capable of 
entering even such minute pores as exist 
in agar jelly. 

In the same year in which Beijerinck 
published his findings, and apparently 
in ignorance of the latter’s work, Loffler 
and Frosch made the announcement that 
the dreaded hoof-and-mouth disease of 
cattle was found by them to be due to 


an apparently invisible agent which was 
capable of passing the pores of the finest 
stone filters and of infecting in mere 
traces. Notwithstanding their inability 
to demonstrate anything visible either 
directly or in attempted cultures of the 
filtrate, they concluded that the prin- 
ciple in question must be animate. 

The reason for this, as in Beijerinck ’s 
work, was the observation that by start- 
ing with a minute quantity of the infec- 
tive material they could serially infect 
an unlimited number of animals, and 
that healthy animals, when placed in 
the same stable with such that had been 
inoculated with filtrates, nevertheless 
contracted the disease. In other words 
there was abundant evidence to show 
that the infective agent underwent re- 
production and that the possibility of 
serial transmission was not due to pro- 
gressive dilution. 

LoiSer and Frosch were fully aware 
of the significance of their discovery and 
expressed the view that subsequent re- 
search would probably establish that yet 
other infectious diseases of heretofore 
unknown origin were caused by ultra- 
microscopic organisms. 

The search for microorganisms of this 
type was then begun by many investiga- 
tors and is going on even more actively 
at the present day. As a consequence a 
long list of infectious diseases affecting 
man and many animals, as well as 
plants, is now known to be caused by 
filterable viruses, as these agents are col- 
lectively called. The term “virus,” of 
course, has reference to the infectious, 
pestilential nature of the maladies 
caused by these organisms, and the at- 
tribute “filterable” to their extremely 
minute size, in virtue of which they can 
pass filters which, generally speaking, 
hold back all other types of living mat- 
ter, i.e., bacteria and protozoa. Of the 
diseases in question which affect man 
may be mentioned hydrophobia, small^ 
pox, infantile paralysis, measles, mumps 
and trachoma, which is responsible for 
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so much misery the world over. Even 
the innocent fever blisters, of the actual 
significance of which in relation to those 
diseases which they accompany, nothing 
is as yet known, common warts and cer- 
tain febrile diseases, such as dengue, so- 
called pappataci fever and possibly 
chickenpox and the type of sleeping 
sickness which has appeared of recent 
years in the wake of influenza epidemics 
belong to this order. Some investiga- 
tors, on the basis of an increasing num- 
ber of successful inoculation experiments 
in animals with tumor material which 
had been passed through stone filters, 
further incline to the view that malig- 
nant growths affecting the human being 
even may be due to agents of this type. 

Among the diseases which affect ani- 
mals an equally large number have been 
traced to the activity of filterable vi- 
ruses, many of which are of great eco- 
nomic importance, such as hog cholera, 
cattle plague (Rinderpest), chicken 
plague, poultry pox, several infectious 
maladies affecting sheep and goats, cer- 
tain diseases of horses, possibly also the 
distemper of dogs and many more, in 
addition to the hoof-and-mouth disease 
in which Ldffler and Frosch made their 
basic discovery. Even among the lower 
animals filterable viruses play an impor- 
tant role. In the case of the silkworm 
a certain infection of this order leads to 
disastrous consequences and may cause 
great economic losses. A closely related 
virus attacks gipsy moth caterpillars and 
causes a fatal disease among these, but 
unfortunately from the standpoint of the 
agriculturalist it seems to be difficult to 
bring about sufficiently extensive epi- 
demics of this malady to serve as a 
serious check to the activities and exten- 
sion of these insects. 

As has been mentioned at the outset 
the existence of filterable viruses was 
first discovered in connection with a dis- 
ease affecting tobacco. This is known to 
plant pathologists as mosaic disease. 
While it does not lead to the destruction 


of the plant it renders the leaves un- 
suitable for wrapping purposes and de- 
tracts from its proper aroma. Similar 
diseases have been found to affect a large 
variety of plants, in some of which the 
activity of a filterable virus has already 
been definitely established, while in 
others this is as yet only suspected. 
When affecting such plants as corn, 
sugar cane and wheat the malady pro- 
duces great losses, owing to the effect 
which the viruses in question have on 
the growth and development of the 
plants. 

A few years ago certain observations 
were made which suggest that even the 
lowest class of plants, viz., the bacteria, 
may become attacked and succumb to the 
action of a filterable agent — the so-called 
bacteriophage — and that this process can 
be induced serially as in the case of the 
virus diseases to which animals are sub- 
ject. Much of this work was initiated 
and developed by dllerelle, and an im- 
petus was thus given to investigations 
which have opened up new fields for 
study, the importance of which can even 
now hardly be estimated. 

In the earlier days of the study of the 
filterable viruses the mere fact of their 
ability to pass stone filters, whose pore 
size was such as to hold back all the then 
known bacteria, was regarded as a suffi- 
ciently characteristic criterion to serve 
as a dividing line between the visible and 
the supposedly invisible animate world. 
Later researches, however, have demon- 
strated that bacteria exist, which either 
owing to their form and power of loco- 
motion, even ordinarily, i.e., at any stage 
of their lives, are able to pass filter pores 
which hold back other bacteria, or which 
at a certain stage of their development 
assume such a minute size as to enable 
them to do this. Such filter passing or- 
ganisms, however, can not be viewed as 
filterable viruses proper, for all of them 
can be cultivated on artificial media 
where they form colonies which can for 
the most part be seen with the naked eye 
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and without difficulty with even the low- 
est powers of the microscope. The filter- 
able viruses proper, on the other hand, 
can hardly be said to be cultivable on 
artificial media, and where some sem- 
blance of their at most temporary per- 
sistence under such conditions has been 
noted colony formation has never been 
observed. In the very few instances 
where actual unlimited propagation has 
been achieved outside of the body, this 
has been brought about by the use of 
artificially grown tissues of the host ani- 
mal which the viruses in question are 
normally capable of parasitizing. The 
filterable viruses, as a matter of fact, 
appear to be highly specialized parasites 
which are incapable of existing outside 
of the animal or vegetable body, and in 
many instances apparently even outside 
of certain tissues or even of certain cells. 

In some diseases it is possible to make 
out the presence in the affected cells of 
enormous numbers of tiniest granules, so 
tiny in fact that an ordinary bacterium 
in comparison appears like a perfect 
giant, and some investigators incline to 
the belief that these granules represent 
the corresponding virus particles them- 
selves. In other diseases, however, it is 
not possible to discern anything showing 
any form, even with the highest powers 
of the microscope. Nevertheless, even in 
these it is possible to demonstrate that 
the infective principle is corpuscular in 
character, i.e,, that it is not a substance 
present in solution, but a particle held 
in suspension, for on filtering material 
of this order through so-called ultra 
filters of progressively diminishing pore 
size, one ultimately reaches a point 
where the virus is held back, as is evi- 
denced by the absence of infectivity of 
the filtrate. As it is possible to deter- 
mine the pore size even of such dense 
filters as these, it is also possible to de- 
termine the size of the infective virus 
particle. Studies in this direction have 
led to the discovery that some of the 
filterable viruses, such as that causing 


the mosaic disease of tobacco and the 
virus of chicken plague, must have a 
diameter of only thirty millimicra, one 
millimicron representing the millionth 
part of a millimeter, and one millimeter 
being equivalent to 0.03937 of an inch. 

The discovery that some of the filter- 
able viruses are of such a minute size 
has naturally raised the question 
whether they can possibly be animate. 
If we look upon their evident multipli- 
cation in the infected host as evidence of 
reproduction ex eo ipso, i.e., as resulting 
from the successive division of the virus 
particles, then we must also assume the 
existence in such particles of a process 
of nutrition, both of a constructive and 
a destructive type, and such an occur- 
rence, so far as our present knowledge 
goes, would doubtless imply the existence 
of life. But inasmuch as the diameter 
of the infective particle is sqch that the 
corresponding cubic contents would 
hardly admit of the presence of even 
such a comparatively simple nutritional 
and reproductive mechanism as the 
smallest of the common bacteria possess, 
we must assume such viruses to be much 
more simply organized, and this in turn 
raises the question whether we would 
have the right to regard such organisms 
as bacteria in the ordinary sense of the 
word, and, if not, what are they. 

Hitherto we have been in the habit of 
looking upon bacteria, such as we can 
see through the microscope, as the low- 
est forms of living matter, but in view 
of the fact that infinitely smaller organ- 
isms are now known to exist, the ques- 
tion arises whether it is rational to as- 
sume that in the evolution of living 
matter from non-living matter the chasm 
between the two was crossed at one leap, 
or whether it does not seem more likely 
that it was gradually filled in and 
crossed by degrees. In other words, the 
question is whether between the most 
lowly organized bacteria and the type of 
non-living matter from which living 
matter was derived, there may not have 
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developed a world of living organisms 
as extensive and as varied perhaps as 
the world of living matter that we see 
before us to-day, either with the naked 
eye or aided with the microscope, but 
a world of life of whose existence until 
recently very few had ever dreamed. 
While the writer is willing to admit 
that future research may show that 
some of the organisms which are now 
classified among the filterable viruses 
may prove to be bacteria or protozoa in 
the present concept of these terms, 
having perhaps been modified in their 
behavior in consequence of their ex- 
clusively parasitic existence through the 
eons, he is inclined to look upon these 
smallest forms, which may properly be 
termed ultraviruses, as representing liv- 
ing matter of such intermediate type, 
the existence of which we have postu- 
lated on theoretical grounds. 

As we have reason to believe that the 
number of species of bacteria which are 
pathogenic for higher forms of life only 
represent a small fraction of the entire 
bacterial world, it would seem logical to 
assume that in a world of still more 
primitive living matter, also, only a 
certain number would be endowed with 
disease-producing properties in refer- 
ence to higher forms of life, and those 
which were capable of attacking man 
and the domesticated animals, more 
particularly, would naturally be the 
ones which in the course of time would 
first attract the attention of investi- 
gators and thus lead to their discovery. 
To demonstrate the presence of these 
disease-producing forms in a given in- 
stance, and in particular their animate 
nature, is often a very difficult matter, 
but to penetrate the realm of the corre- 
sponding non-pathogenic, i.e., non-dis- 
ease producing forms is from the nature 
of conditions infinitely more so. Only 
a very occasional investigator has, as a 
matter of fact, attempted to enter this 
domain, but has encountered portals 
which ordinary keys evidently are in- 


capable to unlock. It does not follow, 
however, that with more suitable meth- 
ods an entry may not be effected. 
Whether or not d'Herelle actually had 
a glimpse into this world when he found 
that ultrafiltrates from a certain sulphur 
spring brought about the reduction of 
mineral sulphates under laboratory con- 
ditions remains to be seen. The field is 
so vast and the workers along these spe- 
cial lines are as yet so few that much 
time will probably have to elapse before 
our knowledge will be materially in- 
creased. 

At the present time it would seem in- 
dicated to concentrate our efforts on 
the study of the filterable viruses proper, 
i.e., on that group of protobes, as all 
these forms of ultra primitive life might 
collectively be termed, the existence of 
which is recognizable by the diseases to 
which they give rise. 

It has been pointed out above that the 
animate nature of this group would ap- 
pear to be indicated by the power of its 
members to produce disease in series, as 
this would suggest their reproduction 
ex eo ipso. But the question has been 
raised of late whether the mere possibil- 
ity of serial transmission of a disease 
constitutes actual proof that the causa- 
tive agent must be living. In this con- 
nection certain observations of Baur are 
of special interest. This investigator 
found that a disease affecting certain 
plants, which is known to plant patholo- 
gists as infectious chlorosis, can be seri- 
ally transmitted, but not by the injec- 
tion of the juice of diseased leaves. But, 
if a diseased twig is grafted on a sus- 
ceptible plant and the graft has once 
“ taken, the malady appears in all 
leaves which are at the time in process 
of formation or which are subsequently 
to be formed by the host plant. Any 
one of the resultant twigs, when placed 
in suitable soil, will develop into a simi- 
larly diseased plant. It is thus clear 
that the disease-producing principle is 
being reproduced, but inasmuch as it 
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does not appear in the juice of the dis- 
eased leaf in an infective state, it would 
seem that it must cause the outbreak of 
the malady in hitherto healthy parts of 
the plant in an indirect manner, and 
certain investigators have accordingly 
assumed that it can not be animate. 
Whether this conclusion is warrantable 
on the basis of the observed facts may 
perhaps be questioned, but, if the active 
principle were assumed to be animate, 
we would be confronted with a manifes- 
tation of life which could certainly not 
bo reduced to living matter of any type 
with which we are acquainted. The 
recognition of the possibility, however, 
that a serially transmissible disease need 
not necessarily be due to an animate 
agent, has raised the question whether 
some of the filterable viruses may not be 
inanimate, and if so, of what nature the 
principles in question may be. This 
question has arisen more especially in 
connection with those viruses which are 
capable of passing some of the denser 
ultrafilters, such as the virus of chicken 
plague and the bacteriophage. In con- 
nection with the latter the strife betwixt 
the supporters of its animate nature and 
those who regard it as inanimate, has 
indeed been a very strenuous one, and it 
would seem that in spite of the enormous 
amount of work that has already been 
done, the question was as yet far from 
being settled. d’Herelle, the discoverer 
of the bacteriophage, has advanced many 
weighty arguments in favor of his con- 
tention that it is a living organism, and 
arguments, moreover, which his oppon- 
ents have often overlooked or at any 
rate failed to meet. Some of his oppon- 
ents^ claims regarding the nature of the 
bacteriophage certainly appear just as 
fanciful, to say the least, as his own. 

In connection with the study of cer- 
tain infectious tumors of fowls which 
appear to be closely related to, if not 
identical with certain cancerous growths 
affecting the higher animals, including 
man, the same question has been raised. 


Here also the active agent is a filterable 
virus which is capable of producing 
these tumors in series and shows a num- 
ber of characteristics which we have been 
in the habit of connecting with living 
matter. But, as it has been possible to 
produce these tumors artificially by in- 
jecting fowls with minute traces of 
chemical substances of known composi- 
tion, together with normal embryonic 
tissue, with the resultant appearance of 
a filterable agent which is capable of 
producing the same type of growth in 
series, it would seem, on first considera- 
tion, that this agent could not be ani- 
mate. If, however, we were to assume 
that we have present, widely distributed 
in nature, a living virus or viruses 
which, while usually innocuous, could 
be rendered disease-producing (in this 
instance tumor-producing), under such 
conditions or similar ones to those which 
we have just set forth, we could under- 
stand how an animate filterable, tumor- 
producing agent might appear in the re- 
sultant growth, wdth which the same 
types of growth could then be repro- 
duced in series. The sequence then 
would be the development of more or 
less specifically diseased cells in the host, 
the invasion of these by an ordinarily 
innocuous, more or less omnipresent ani- 
mate virus, and the consequent trans- 
formation of such diseased cells into 
cancer cells. Whether or not this is the 
process or one of the processes by which 
cancers actually originate is now under 
consideration. Many facts could be ad- 
duced in support of such a hypothesis. 

The question, of course, arises whether 
we have any evidence that viruses actu- 
ally exist which may be present in the 
body without causing disease at one time, 
while at other times they produce harm- 
ful effects. Our knowledge along these 
lines, it must be admitted, is as yet very 
meager, but we do know at least of one 
virus which manifests such a behavior. 
The virus in question is one which is re- 
sponsible for the formation of the com- 
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mon fever blisters and those forms which 
in the layman's mind are referable to 
some disorder of digestion. Medically 
this condition is spoken of as herpes sim- 
plex. In certain febrile diseases, such as 
pneumonia, it is especially common, so 
common indeed that we could predict its 
appearance with a fair degree of accu- 
racy in a given case. As its appearance 
follows the outbreak of the pneumonic 
process the question arises, where was 
the virus before? Three possibilities 
suggest themselves, viz., (1) that the 
virus entered the body with the pneumo- 
coccus (the pneumonia-producing organ- 
ism), (2) that it entered following the 
latter’s invasion, or (3) that it was pre- 
viously present in the individual’s body 
in an innocuous form. If the second 
possibility represents the actual situa- 
tion we would be forced to assume a 
nearly ubiquitous occurrence of the virus 
of herpes and its activation by the pneu- 
monic process. This would virtually 
amount to the same as the third possibil- 
ity, as in the absence of the pneumonic 
process invasion, even if it did occur, 
would not be followed by an attack of 
blisters. In connection with the first 
possibility we should be forced to assume 
a coexistence of the virus with the pneu- 
mococcus, but of this we have as yet no 
experimental evidence. The fact, how- 
ever, that herpes develops in so many 
people in the absence of an infection and 
frequently periodically, would suggest 
that the third possibility, suggested in 
connection with pneumonia, is probably 
the more likely one. 

It would thus appear that the possibil- 
ity of producing tumors — in the fowl at 
any rate — by the injection of chemicals 


and embryonic tissue, does not exclude 
the cooperation of a virus, and no sound 
argument has as yet been raised to war- 
rant the assumption that the filterable 
tumor-producing principle which ap- 
pears in the resultant growth is not ani- 
mate. If, as Carrel claims, these chemi- 
cally produced tumors are identical in 
nature with the spontaneous tumors 
which occasionally occur in chickens, 
and of which the so-called Rous tumor 
is a typical example, additional evi- 
dence of the animate nature of the 
corresponding virus or viruses would 
be available, for Rous has shown that 
the virus discovered by himself is ca- 
pable of adaptation. When he first 
encountered a malignant tumor in a 
chicken, of which a filterable agent was 
the cause, he found that this particular 
growth, be it by grafting or the inocula- 
tion of filtrates, could only be transmit- 
ted to other chickens if these were of the 
same variety, and at first indeed mem- 
bers of the same family. In the course 
of time, however, he succeeded in trans- 
mitting it to other varieties as well, and 
at the present time the same strain of 
virus seems to have lost all the host 
specificity which it originally possc.ssed ; 
it has gradually adapted itself to chick- 
ens in general. The power of adaptation 
after all implies the ability to exist in 
an unaccustomed milieu, and when 
coupled with evidence of reproduction 
under such conditions implies the exis- 
tence of life, and considered from this 
point of view all the filterable viruses, 
so-called, with w^hich we are at present 
acquainted, may more appropriately be 
regarded as animate than as inanimate. 



THE ODYSSEY OF SCIENCE 

By JONATHAN WRIGHT, M.D. 

PLEASANTVIIiLE, N. Y. 


In making a modest study of the text 
of Herodotus, so far as was possible for 
one who knew little Greek, 1 attempted 
two or three years ago to cull from it 
something for the readers of this journal 
which might arrest the attention of 
scientific men.^ In the course of the 
work I was led to the desire to attempt 
to supplement it by reading the Odyssey 
for the same purpose, but other interests 
intervened. In selecting from my notes* 
now I find it best to pick up the thread 
of interest in the Odyssey in the article 
on the Science of Herodotus. 

It is not a matter that warrants far- 
ther extension here, but I was somewhat 
surprised to find the latter had evi- 
dently borrowed his information in re- 
gard to Libyan lambs being born with 
horns^ directly from Ilomer.^ We get at 
once the revelation which is easily to be 
found in Greek literature that Homer 
was, after five hundred years, the source 
of science, religion and history from 
which men largely drew their inspira- 
tion in the zenith of the glory of Greece. 
Herodotus has dated Homer for us four 

1 Scientific Monthly, June, 1923. 

2 Besides the Oxford text by Monro and 
Alien, I have had advantage of the four vol- 
umes thus far published of B^rard's work, the 
text and introduction with its voluminous com* 
montH and critical remarks, also of Alienas 
Homer, Origins and Transmissions. These, pub- 
lished in 1924, are the latest additions to in- 
terminable lists of similar works on the Hiad 
and Odyssey to bo had for the asking in the 
larger libraries, stretching back to Pisistratus, 
2,500 years ago. The Unity of Homer, by 
Professor Scott, 1921, has also been in my 
hands. 

* ‘ * Horodoti historianim, ' ' libri IX, ed. H. R. 
Ueutsch (Teubner), IV. 29. 

* ‘ ‘ Homeri opera, ' * Monro and Allen, Oxford, 
Od. IV. 85. 


hundred years before he himself was 
bom, and we see him dipping here into 
his lines for one of his diversions from 
the paths of history, which is the way 
he says he likes to write it. It is a pity 
more of science and more of history can 
not be written in the same way. This 
may have been one of the crumbs 
Aeschylus says were being constantly 
picked up from Homer’s table, but as 
there are in Herodotus extended re- 
marks of biological interest on the sub- 
ject, it may still in his day have been an 
interesting piece of knowledge to be 
picked up among the Egyptian savants 
where Homer himself may have found it. 

This, however, was observed after- 
wards and was not what especially 
struck the spark that blazed into my 
desire to read the Odyssey in Greek. In 
the article in this journal referred to 
above I displayed some interest in the 
growing literature of the lost Atlantis. 
It is very astonishing to note the volume 
to which in various forms this has 
grown. Despite the very decided way 
in which geological science has negatived 
the assertion of the plausibility there is 
in Plato’s tale — all science in fact has 
contributed its disapproval of any time 
spent in the discussion of such a notion 
— that not long before historic times, 
geologically speaking, a continent sank 
below the waters of the Atlantic beyond 
the Pillars of Hercules and perhaps car- 
ried down a civilization with it, still the 
discussion goes on. Even since the re- 
cent date of the note of interest I let 
drop in the matter, two or three years 
agOf a great deal of more pretentious 
and of course more important publica- 
tion in regard to the old old tale has 
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seen the light. Not to more than men- 
tion such excellent books as Spence's® 
and D4vigne's,® whose authors make no 
attempt at original scientific analysis, 
there has on the contrary been published 
some work very worthy indeed of seri- 
ous scientific examination. How much 
weight the argument of Brousscau^ in a 
critique of the Wegener- Joly hypothesis 
of cosmogony has with geologists I do 
not know, but Schmidt in tracing the 
birthplace of eels, from two continents 
at least, to the supposed site of the 
Atlantis can not fail to arouse the inter- 
est of biologists in the theory of an in- 
herited instinct in eels' plasm to seek for 
their birthplace a situation where per- 
haps ten or twenty thousand years ago 
they had riparian rights. Something 
analogous has been worked out for 
salmon. The article of Louis Germain,® 
assistant at the National History Mu- 
seum at Paris, is still more suggestive 
from a biological standpoint. His cita- 
tion of the land and marine life of the 
eastern brink of the Atlantic and its 
homologies with that elsewhere and with 
the paleontological evidence may be re- 
futed, perhaps, but it can not be ignored. 
These authors conclude that the only 
rational hypothesis which can explain 
the facts they and otliers adduce is to 
assume the existence once of an ancient 
continent which extended over the 
rather vaguely placed area of the Sea 
of Saragossa which the Arcturus has 
been unable to find and as far eastward 
as the Atlantic islands which lie off the 
coast of northern Africa. 

Far be it from me to presume to enter 
into any review of the highly technical 
biological and geological and archeo- 
lo^cal and ethnical and historical — for 
the evidence permeates all these domains 

® ' * The Problem of the Atlantis, ' ' by Lewis 
Spence, London, 1924. 

® ‘‘L'Atlantide, by Boger D^vigne, Paris, 
1924. 

^ Scientifique, 1924, Nos. 15 and 16. 

Soientiflque, 1924, No. 15 and 16. 


which enters the endless arguments on 
the subject. I only take this opportu- 
nity of referring to the recrudescence of 
the discussion. In going over some of it 
in a desultory way I noted a reference 
to a passage in the Odyssey which sup- 
ported the author's rather visionary 
speculations on the subject, but he did 
not give chapter or verse and I myself 
forget the book or article and its au- 
thor's name whence I got the hint. I 
set out to find anything in the Odyssey 
to warrant it in various translations, but 
missed it. Annoyed, like the Chinaman 
who burned down his house to roast the 
pig, I turned and read the whole text 
through and it has carried me far into 
a land of delight, while the original 
trifling excitation to enter it almost 
passed from view, so I do not know 
whether this was what the author busy 
with the question of the Atlantis meant 
or not. When Nestor in sandy Pylos is 
in talk with Telemachus in search of 
news of his father he advises him to seek 
out Menelaus, who on his way home 
from Troy, lately returned, had come 
from a strange country — from the land 
of men whence none would hope in his 
heart to return when once the storms 
have driven the wanderer into so wide a 
sea. Thence even an eagle or a vulture 
could not make its way in the space of 
a year, so great a sea it is and so wide. 
That is somewhat the way Butcher and 
Lang translate it, I found after I had 
lingered long enough over it in the text 
for me to think what some one had said 
about the Atlantis. There were one or 
two expeditions, much more complicated 
tlian the one fitted out by the son of 
Odysseus to hunt his father, which were, 
as I read, being equipped to try to drag 
up some scrap of loose ware from that 
sunken continent whence it took the 
birds so long to come in view of old 
Nestor at sandy Pylos, out past the 
Pillars or Pyloi of Hercules towards 
Sandy Hook. The present is linked up 
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with the past by a thousand subtle ties 
and perhaps the old hero had dimly in 
his mind the story that was old long 
before Plato wrote or Homer sang. 

Jowett thinks very likely Plato in- 
vented the story himself to begin with. 
He was quite capable of it, he thinks. 
Homer, no doubt, invented a lot of 
things about Troy and we moderns for 
centuries believed he invented Troy, but 
it has not proved so. Nestor he may 
have invented, but it is likely there were 
mariners* tales of very many things, of 
very many lands, and some of those tales 
we can be sure were lies and that distant 
shore whence the sea eagles came, if 
strong enough of wing, recedes for us 
into impenetrable mist. Still — 

Some of those mariners with lies to 
catch the land-lubbers they traded with 
were Phoenicians who heired the naval 
power of Crete when it fell and Knossus 
was sacked. It may have been the 
Cretans who brought the news of the 
sinking of the Atlantis; indeed, the sea 
power of Crete has been advanced in 
the argument as to how the tradition 
arose, but such blatter is such stuff as 
dreams are made of. Who knows, how- 
ever ? The sea power of Crete may once 
have been a great factor in the life of the 
Mediterranean civilization and when the 
empire fell it was a cataclysm indeed 
that was heard all around the little 
world of the Middle Sea. That might 
have been the mighty power that sank 
into oblivion. That very likely was 
news, some suppose, the Phoenician mer- 
chant pirates told in the old sea ports 
and thus the story became a continent 
which sank beneath the waves. That is 
the only news, so far as we know, the 
Phoenicians could have been old enough 
to carry. It may have indeed been a 
very garbled story in the mouth of one 
so wise, but so old as Nestor. As the 
Odyssey flows along we never think it is 
not Nestor speaking, but Homer, so 
realistic and impersonal is he. Homer 


too doubtless gathered his inspiration 
not alone from the breath of the sea and 
the surge of its waves, but from the 
mariners who sailed it and dropped into 
every port to liquor up. 

A^ile ethnologists, turned historians, 
as so many scientists tend to become 
nowadays, may be interested in the 
ethnic origin of the Phoenicians and 
may be compelled to turn over the pages 
of history to get some insight into that 
mystery, the interest of all scientists is 
attracted by the advent in history of the 
invention of letters or rather their evo- 
lution to portable and cursive script. 
There is another matter, parallel in a 
way, in the history of the knowledge of 
iron which recedes also into obscurity. 
The practical use of both bids fair now 
to be dated more or less definitely and 
with both we find the activities of the 
Phoenicians intimately connected, evi- 
dently not as inventors or discoverers of 
either but as carriers of both. The fate- 
ful letter Bellerophon bore to lobates 
was something graved in a folded tab- 
let.® We know that the author of this 
line in the Iliad was familiar with the 
art of writing letters in very portable 
form and that marks, not by any means 
the first recorded instance possibly, but 
it marks an event pregnant with interest 
for the historian of the evolution of civi- 
lization. It has lain before the eyes of 
men for 2,500 years unrecognized before 
modern archeology was born. It may 
be said this is history only by inference, 
but it acquired significance when fifty 
years ago we had to accept Troy as a 
fact and its situation in sight of the 
rushing tide of the Dardanelles, where 
there must often have been a portage 
across land for commerce, has rendered 
a Trojan war, or many of them, almost 
a certainty without any other argument 
than the geographical one. It has 
needed the acquiescence, however, of 

• Iliad, VI. 169. 
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Sir Arthur Evans'® for us to accept the 
identification of Atreus, the father of 
Agamemnon, by Dr. Emil Forrer among 
the findings at Boghaz-Keu, dating him 
at 1240-1210 B. C. 

Although by this time we have hardly 
needed the reference in the Hittite rec- 
ords to a real Atreus to convince us of a 
real Troy Miss McCurdy" has added to 
our satisfaction in slowly realizing that 
Homer has historical value by noting 
that the breastplate of Agamemnon'^ 
came to him from a Cyprus vassal of the 
Atreus named in the Boghaz-Keu rec- 
ords. It has however further interest 
for us here than the demonstration of 
the purely politico-historical value of 
Homer to find Miss McCurdy thinks of 
steel used in the armor. The shield was 
made of twelve strips of gold, twenty of 
tin and ten of some blue metal which 
may have been steel, but the fact that 
the Homeric Greeks knew how to harden 
iron into the cutting edge of steel is 
plainly set forth in the Odyssey,'^ for 
there the blacksmith gets the full virtue 
of the iron in the axe by plunging it hot 
from the fire into cold water. The 
process was evidently a familiar one, 
for the description forms an illustration 
to enlighten his hearers as to something 
else. He would never have used one un- 
familiar to them in this connection. A 
much later date has been ascribed to the 
revelation of the magnetic attraction of 
a Magnesian stone, at least to the west- 
ern world. The knowledge of the prop- 
erties of meteoric iron in all probability 
goes far back in the history of primitive 
man. lie added doubtless this magnetic 
function of it to its falling from the sky 
as a reason for worshipping it. In the 
Odyssey it is associated, as a metal hard 
to extract from the ore, with other met- 

Journal of Archeology, July-Decombcr, 
1924. 

11 Ibid. 

12 Iliad, II. 19. 

18 IX, 392. 


als, bronze and gold,'^ and elsewhere it 
is said ‘‘it draws men to if'® One can 
hardly doubt this is one of Homer's 
quiet jokes, recognizing it as in the class 
of the precious metals, but alluding to 
the magnetic power frequently found in 
sidereal iron. I can see no reason why 
Sir Richard Glazebrook'® should conjec- 
ture its magnetism was not known to the 
western world until 600 B. C., two or 
three hundred years after Homer seems 
to allude here to it as “drawing men." 
Such species of humor is very cliaracter- 
istic of Homer, in the Odyssey at least, 
a play on words being often apparent 
even to the tyro reading Greek. 

Getting back to the Phoenicians, how- 
ever, as ocean carriers, we can realize the 
weight and bulk of such heavy merchan- 
dise would preclude the metal being 
familiar to Mediterranean men in the 
light vessels of the epoch, until its chief 
usefulness as steel set the pirate traders 
of Tyre and Sidon carrying this muni- 
tion of war and instrument of the arts 
everywhere, and it seems very likely 
from the Homeric poems, coinciding 
with much other evidence, this expan- 
sion of its use began somewhat near the 
time of the Trojan war and was well de- 
veloped when Homer wrote. Homer ap- 
parently knew of steel, but he knew too 
it was not much in use for weapons at 
the time the war raged around Troy. 
His hearers could no more be told Achil- 
les used a sterd-tipped spear than read- 
ers in 1926 could be told machine guns 
were used at Bunker Hill. The Phoeni- 
cians carried iron in Homer's day, be- 
cause people everywhere were learning 
to put an edge on it. They had carried 
their account books, too. The super- 
cargo with his scroll, checking off the 
articles as they were carried ashore, 
must have been an impressive spectacle 
to the untutored Pelasgian or the quick- 
14 xxi, 10 . 

18 XVI, 294. 

loSciENnnc Montuly, March, 1925. 
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witted and unlettered Dorian, but re- 
cently come over the mountain passes 
from the north. The Phoenicians, how- 
ever, stand out in the Homeric poems in 
a rather evil light. Homer, following 
the bad example of the Christians, later 
gives them a bad name, maligning them 
doubtless as underhandedly as those now 
taught to speak no evil of any man. The 
Phoenicians were Semites, perhaps Jews, 
and knew as well then as now how to 
beat the Greek at a battle of the wits, 
and the Greek poet in his heart cursed 
them. To us they are significant as mer- 
chants who spread the arts of civiliza- 
tion from the Orient bordering on the 
Middle Sea to the Occident even beyond 
the Pillars of Hercules, as far as the 
shores of Britain and no doubt beyond. 
It is not at all impossible they may have 
injected that faint reflection of Babylon 
claimed for the saga of the Nordic tribes 
around the North Sea. That the Phoeni- 
cians were Semites or of allied blood 
seems a rooted belief in archeologists. 
In the Odyssey the swineherd^ ^ tells a 
bad tale of his own undoing and it 
brands them as pirates and manstealers, 
but bold and unrivalled mariners. We 
get more than one reference to this sort 
of thing and we infer that the practice 
was not confined to the Phoenicians, for 
one of the haughty wooers exclaims,^® 
angered at the words of the friends of 
the disguised Odysseus: “Come, let us 
throw these strangers into a many 
thwarted ship and send them away to 
Sicily where they will bring a good 
price. “ Mariners have always been a 
hard set and harshly treated ashore, 
liable to kidnap and liable to be kid- 
napped even in times not so very far 
back, but through them in Homer’s time, 
when there was no flag for commerce to 
follow, civilization followed in the wake 
of pirates. 

The Cretan and Phoenician merchant 
made piracy a part of his trade no 

IT XV, 415. 

IS XX, 382. 


doubt. Minos in his time is said to have 
checked the former, but it bloomed again 
in the time of Homer when the Phoeni- 
cians had succeeded the Cretans on the 
sea, or that seems likely as we interpret 
the Homeric poems in the light of mod- 
em archeology. The corsairs of En- 
gland of the same ilk, though not of the 
same blood, so also those of the Barbary 
coasts for hundreds of years, were such 
merchants of the sea. All did it who 
followed the sea. Plato insists^® not only 
has the sea brackish, bitter water, but it 
begets in the souls of men uncertain and 
unfaithful ways. “Naval powers, which 
owe their safety to ships, do not honor 
that sort of warlike excellence which is 
most deserving of honor.” I suppose 
Plato had Homer’s Phoenicians in his 
mind when he wrote thus, but that there 
were others, that a piratical turn of 
mind was characteristic of all seafaring 
men ho knew is also evident from his 
generalization. Crime followed in their 
wake. Swift-going rum boats and swift- 
moving motors present now the same re- 
sults from the same fundamental cause 
— ^superior speed and skill. They have 
always had a sort of credit with loose- 
minded people because of it, and Homer 
makes no attempt to hide the Phaeakians 
were pirates and yet had for sovereigns 
the most generous of kings and the most 
virtuous and the wisest of his women. 
Fine shades of distinction did not exist 
then and are still difficult to draw be- 
tween big business and piracy. The 
greatest benefactors of the human race 
seem in the days of Homer to have been 
pirates. This is a queer world. Every- 
thing passes and everything remains the 
same.*® In Hades meeting Agamemnon 
Odysseus asks him naively if he had been 
killed on his way home, burning cities, 
raiding cattle and raping women.®^ 

In reading of the rich gifts with which 
Alkinous, the King of the Phaeakians, 

Laws IV, 705, 706. 
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loaded Odysseus on his departure, in 
reading how richly Menelaus and Helen 
did the same tor Telemachus returning 
hcana we have only to turn to modern 
stories of Bedouin sheiks and African 
chiefs, when Africa was none of it white, 
exercising the like munificence and hos- 
pitality. The wandering rhapsodes and 
minstrels of the Aegean and the sliores 
of Asia extolled these virtues in their 
audiences for their own profit. They 
lived on the munificence and hospitality 
of a lot of pirates, booty and body 
snatchers, to whom valuables came and 
from whom they as rapidly went. The 
arts if not the sciences at their begin- 
ning flourished on rapine and we find 
them turning to heaven for their reward. 
“It is not my custom, “ says the swine- 
herd even, “though I might wish the 
evil, to dishonor a guest, for before Zeus 
all are stranger guests and beggars. 

I give to the poor that at least the gods 
may give to me. Modern man does not 
flinch before the “do ut des“ proposi- 
tion, but we get a clearer perception of 
the road we have travelled from primi- 
tive times in noting the absence of any 
uncomfortable allusion to “tainted 
wealth. “ Still more primitive and 
bordering now on magic, of which 
Homer is surprisingly free in his rela- 
tions, we find even the slave as a token 
of respect or fear loath to mention his 
master's name.*® Among primitive peo- 
ple we are still familiar with this and 
the hair and nails as part of modern 
primitive magic and voodoo. When the 
swineherd came to kill the pig** he cut 
the hairs from the pig’s head and threw 
them in the fire and showed good sense 
in not forgetting the dead, for who 
knows how many ghosts may still be out- 
side of Hades! This he did first and 
prayed to all the gods. Where magic 

aa XIV, 66. 

aa XIV, 146, $eq. 

a4XIV, 420, teq. 


leaves off and religion begins depends on 
the piety of the critic. We may infer it 
was a pretty small pig for a five-year-old 
from the way it was handled and slaugh- 
tered for a party of half a dozen men 
— and slaughtered on the domestic 
hearth ! Was Homer a city tenderfoot? 
Very likely, for this sounds like some of 
his modern critics when they break into 
bucolics. There has been long discussion 
among the latter about one or two places 
in the Odyssey when it apparently 
speaks of the purple wool shorn from 
sheep. Did Ilomer nod here? Or was 
the original line so worded as to refer to 
the Tvrrhenian dye afterwards used? 
No, this time it is the tenderfoot critic. 
Wool shorn from the wrinkles around an 
old ram's neck or elsewhere where it is 
dense and thick, crusted with dirt on the 
outside and yellow and greasy next the 
hide, in there between one often does get 
a purplish tinge to the wool as clipped 
by the shears. It is a matter of irides- 
cence and vanishes after the fleece is off, 
Ilomer may have referred to the dye 
afterwards used and the line is twisted 
or he may as a boy have stood close up 
and watched minutely the clipping of 
the wool, but the critics surely have 
never been nearby spectators. 

But not to wander further we must 
stop to remember that the ancient citi- 
zen was far less a tenderfoot among the 
Homeric Greeks than among us. He 
was far more deeply versed and im- 
mersed in superstitious magic than the 
light-minded cynic of the cities to-day. 
Odysseus was famed for his wits and his 
acquaintance with men and affairs as 
well as for his religion. Considering in 
antiquity there was far less difference 
between the tenderfoot of the tenderloin 
and the back district rube, between 
gown and town, between king even and 
peasant than there is now, the student 
of ethnology need not be surprised to 
note that after Odysseus has been cast 
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ashore on Phaeakia from the frightful 
peril of the waves, succored by a fair 
and doubtless curious damsel, after he 
has penetrated a princely house and has 
been hospitably entertained, slept there, 
asked for and has been promised a safe 
conveyance home wherever it may be 
over the sea — after all this one may 
wonder he has still not told his name. 
Homer, nearer primitive man than we, 
is apparently so penetrated by this 
superstition he does not think he is 
called on for an explanation why Odys- 
seus docs not want to tell his name. It 
was not altogether magic doubtless 
which induced a stranger in a strange 
land to hide it. It is just possible he 
may not be so far from home as to pre- 
clude the possibility of his having an 
enemy who may find him unprotected 
now by its .safeguards, but with primi- 
tive man, aside from all this, it is sup- 
posed for a man to reveal his name gives 
any evilly disposed person a handle by 
which to work his destruction through 
magic. Homer docs not say so, he does 
not need to, he feels his audience will 
understand without an explanation. 

Notwithstanding this greater levelling 
of enlightenment as between ranks, as 
between castes, Homer and Homer’s 
readers were aware of the meaning of 
civilization. They too were very far 
from that lack of self-consciousness 
which is the aim of enlightened people, 
they were as full of it as the modem 
city dweller is of his provincialisms 
when he attempts to display his knowl- 
edge of the provinces. Even at the acme 
of his enlightenment the Greek habitu- 
ally referred in opprobrious terms to the 
barbarian from whom he had but lately 
derived his origin and more recently his 
civilization. The Homeric Greeks were 
far enough along to know and define the 
primitiveness of primitive man, but in 
the time when Athens was mistress of 
the seas the contemporaries of Pericles 


were ever ready to “ 'eave a ’arf a 
brick” at the stranger if he was a bar- 
barian. Reading in Homer the descrip- 
tion of the environment of the Cydops** 
we find they lived in a land where wheat 
and barley grew wild, from which we are 
privileged to believe that wild men lived 
off of wild grain in Homeric days, but 
wheat and barley had been domesticated 
probably thousands of years before 
Homer’s time in Egypt and in Asia. 
The king of the Lastrygians was a can- 
nibal, too, as well as the Cyclops.** 
Cannibalism then probably was not in- 
frequent in the islands and around the 
shores of the Mediterranean in Homeric 
times, but that it already excited horror 
and disgust in Homeric audiences we 
may conjecture and, as has been said, we 
thereby perceive too how much nearer 
Homer was to the realism of primitive 
life than we and how to this, doubtless, 
he owes some of the immorality of his 
verse. For it has been pointed out by 
many before Professor Scripture*’ that 
the natural speech expression of the 
more primitive savages is unconsciously 
in verse form. That is how, as so many 
poets report, Goethe and others, their 
powers come to them. The source of the 
verse, like the source of essential poetry 
itself, is in a partial yielding of the self 
to the demands of the unconscious for 
expression. Again we see how it is 
Homer finds*® nothing uiuiatural and 
Odysseus finds it quite a matter of 
course that the Phaeakians profusely 
shower costly gifts on him in the spirit 
which still lingers somewhat with Afri- 
can and Asiatic chiefs. 

When we come to the slaughter of the 
suitors, so outrageous has been their be- 
havior even the modern man feels a re- 
turn of his savagery and gloats in antiei- 
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pation of their discomfiture when the 
old tattered beggar springs to his feet 
and throwing off his rags reveals him- 
self, the fatal bow in his hand, as the 
injured Odysseus. Every reader feels 
it, every critic. The interpolators and 
scholiasts have nearly ruined this part. 
They have made it absurd to the point 
of chilling the readers’ glow of sym- 
pathy with poet and hero. Killing one 
hundred and eighteen men makes even a 
hero, without a maehine gun, ridiculous, 
but it is not this that sickens the modern 
reader. He has lately made an ovation 
for the returning hero who has killed 
thirty-seven. It is not the number, it is 
the absurdness of the impossible, but be- 
yond this there is something else. The 
modem man of peace revolted a little at 
presenting a farm to a man in this age 
of the world who had the blood of 
thirty-seven men on his hands and 
heaved a sigh of relief when he finally 
disappeared from public view, but we 
have progressed, or rather wc have cov- 
ered our souls with a little varnish since 
Homer’s day. Deep down, in humilia- 
tion after the great war, we acknowl- 
edge, lies the bloodthirstiness of the 
primitive savage, but we have added the 
varnish. Let us not forget that. We 
can stand for the moment the slaughter 
of twenty or thirty men, all the critics 
seem disposed to believe existed in Ho- 
mer’s draft, but some of the details still 
sicken us, even cutting it down to this. 

Revolting and acutely reminded of the 
savagery of primitive man, or perhaps 
sickened to think we too, deep down, 
have the lust for blood and the joy of 
seeing the sufferings of our fcllow-men 
who have offended us — we are reminded 
of both when the hero who mounted 
willingly and gloriously to the couch of 
Calypso and enjoyed the favors of Circe 
hangs the serving women at home to the 
rafters for adultery and cuts off the nose 
and ears and feet and hands and geni- 


tals of Melanthius and throws them to 
the dogs.*® This is war. He had in- 
structed**® the swineherd to tie up Me- 
lanthius by the neck to the rafters so his 
toes touched the floor that his death 
might be a lingering one, but now he was 
dead and that ’s the way the hero treated 
the dead body. That is war. Let us 
thank God after all for the varnish. No 
poet at least now sings such a tale as 
that. 

We can scarcely bear to see it on the 
page here crowded in one short para- 
graph to make up the atmosphere of the 
Homeric Greeks, the environment of 
primitive men which lingered around 
them more obviously, but which lingers 
with us still. The killing of the wooers 
was so delicious a morsel the editors and 
interpolators who followed rolled the 
episode under their tongues, expanded it 
and added to it until they made the poor 
blind old poet ridiculous and his hero 
Idlling a hundred and eighteen men with 
a bow and spear they removed for the 
moment from human sympathy alto- 
gether. They repeated it by removing 
it to hell and telling it there*^ — it must 
be confessed a more suitable place. 
What still further interests us in our 
study of the social state of primitive 
man in the Odyssey is Odysseus saying®* 
it is best for him to take to the tall tim- 
ber after he had killed so many of the 
sons of the most distinguished of the 
islanders. Wc get the plain indication 
of the blood feud requiring, rather 
lamely, the intervention of Zeus and 
Athene to wipe it off the slate coming 
down with the thunder and the light- 
ning.®® 

Miss Harrison has done so much to 
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collect®* inferences which connect the 
classical conception of Zeus’ thunder 
with the bull roarer of primitive man’s 
magic, and her work is so well known it 
would be gratuitous to more than refer 
to it here in connection with the numer- 
ous thunderings in the Iliad and the 
Odyssey, but it may be added the primi- 
tive awe, still alert in Homer’s day, 

84 f f Themia, a study of the social origins of 
Greek religion,*' 1912; ** Prolegomena to the 
study of Greek religion," 1903, Cambridge 
University Press. 


must have made the situations where it 
is introduced vastly more horrific than 
is possible for the modem poet or novel- 
ist with their finest descriptions of dis- 
turbances of the weather. The actual 
thunderbolts of Zeus found their place 
with primitive men with more difficulty 
than the bull-roaring priest found in 
imitating his thunder, but according to 
Miss Harrison it seems likely the stone 
celts dug up in Homeric and clasneal 
ages were shown to awe-struck audi- 
ences as the missiles of Olympian Jove. 



THE CONFLICT BETWEEN SCIENCE 
AND RELIGION 


By Professor HORACE B. ENGLISH 

WESLEYAN UNIVERSITY, MIDDLETOWN, CONNECTICUT 


Those scientists who have been going 
about crying, ^ Peace, Peace,’ when 
there is no peace” are performing a 
doubtful service to their mistress. The 
conflict between science and religion — 
who can say whether for good or ill? — is 
most real. Not the paltry conflict re- 
cently dramatized for us in an obscure 
mountain town. Not the conflict, sharp 
enough but unreal, between Syrian 
mythological cosmology and the hypoth- 
esis of organic evolution. To discuss 
that is unworthy of the intelligence of 
mature minds, though unfortunately 
often necessary. 

The real conflict, as the fundamental- 
ist probably dimly senses, lies much 
deeper. Religion is not, as the scientific 
compromisers seem to imply it is, some- 
thing one assumes in church on Sunday 
and leaves in the vestry with the robes 
of the choir for the rest of the week. It 
is a way of life and a philosophy of life. 
But science also implies a way and a 
philosophy of life and the two ways are 
antagonistic. Preachers for unnumbered 
generations have been telling us that true 
religion must affect all that we do; but 
equally it must be affected by all that we 
do. The interpenetration is complete. 
How, then, can religion remain indiffer- 
ent to, or unaltered by, science ? Deeply 
rooted from the beginning in cosmology, 
how can religion ignore a science which 
finds in minute telescopic whorls of the 
Milky Way solar system upon solar sys- 
tem, each dwarfing our own into insig- 
nificance? 

Think for a moment of the place of 
prayer in a world of science. It has 
become fashionable to call a certain 


type of meditation and self-communion 
“prayer.” I do not mean to doubt the 
value of such spiritual exercise. It is 
explicable, though not yet fully ex- 
plained, on psychological grounds. But 
this is not prayer. I mean by prayer 
what truly religious people have always 
meant by prayer, communion with the 
Divine. Such prayer is the very heart 
of religion. “Give us this day our daily 
bread.” Yes, by grace of tractors, self- 
binding reapers, Minneapolis millers and 
modern transport. Fifty years ago men 
could in sober earnest pray for rain. 
That has passed; we read the weather 
reports. To-morrow we shall perchance 
look to the sunspots for our predictions 
and the day after to-morrow we shall 
make our own rains. No longer will the 
Lord make His rains to fall upon the 
just and the unjust; the rain will fall 
upon those who have the price. Few 
are left who invoke prayer for the heal- 
ing of the sick, still fewer who can see 
in sickness and in health evidences of 
God’s wrath and mercy. People still 
pray for strength to withstand tribula- 
tion and temptation, but as psychology 
comes of age as a science, that too be- 
comes impossible. Man’s moral life is 
seen as the inevitable outcome of hered- 
ity and environment. For a God dis- 
placed by science from the center of the 
physical universe, there is no shelter in 
the center of man’s soul. To whom, 
then, shall we pray, and for what? 

As science progressively takes posses- 
sion of our modes of thought, religious 
modes become increasingly impossible. 
The end of this proccwss will not come in 
our day. Scientific discoveries which 
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can be turned into utilities are quickly 
adopted, but there is a great lag in time 
between discoveries which mean new 
ways of thinking and their penetration 
of popular consciousness. We are just 
beginning to reap in common conscious- 
ness the fruit of the scientific revolution 
of Copernicus, Galileo, Kepler and New- 
ton — a revolution nearly four hundred 
years old. The real fruit of that revolu- 
tion lies not so much in certain astronom- 
ical beliefs as in an altered perspective 
towards life and natural phenomena. 
To believe in astrology, to accept comets 
as portents of coming events, to think 
of the lightning as the weapon of Jove's 
or Jehovah's wrath, all this becomes im- 
possible when one has located the earth 
in its proper place in the choir of heaven. 

Evolution in biology is now accepted 
by cultured people as a matter of course. 
But only a select few of the world's 
great intellects have been so thoroughly 
steeped in the notion that it affects all 
their thinking. Yet not till evolution 
passes into the folk-way and into the or- 
dinary vocabulary of the common man 
will the Darwinian revolution take its 
place alongside the Copernican. As for 
relativity, probably no one thinks con- 
sistently in its terms. Yet little by little 
scientific thought is penetrating our logic 
and the common consciousness. In the 
end it will inevitably triumph. As it 
does so, religious ways of thinking re- 
cede. Already the ‘‘faith of our fathers, 
living still" has lost much of its power 
over the lives of men ; less and less does 
it answer to vital needs. 

It is a common contention of liberals 
that this age-long conflict between science 
and religion is a boundary struggle, a 
war for the possession of disputed terri- 
tory. Religion, so the argument runs, 
has intruded itself into the field proper 
to science, science has dogmatized about 
religious matters. There is little doubt 
that this is a true reading of the history 
of the conflict between science and theol- 


ogy, But as soon as we realize that 
religion is more than theology, we find 
that the conflict instead of being elimi- 
nated is intensified. 

For religion and science both lay claim 
to disclose truth. Their approach to 
truth, however, is not merely different; 
it is antithetical. Religion bases truth 
upon revelation, whether supernatural 
or mystic. It endeavors to derive truth 
from the character of Deity. Science, 
on the other hand, seeks truth only as it 
emerges from fact. There are differ- 
ences of temperament, of course, among 
scientists as among other men, and from 
these differences spring more varieties of 
method than is commonly admitted by 
those of us who like to tallc of the 
“method of science." The method of 
the individual scientist may be intuitive, 
imaginative, deductive or experimental 
and inductive; it is always empirical, 
always an effort to learn from and be 
guided by facts. These two approaches 
to the shrine of truth can not be recon- 
ciled ; one or the other must go. 

Is this to over-simplify the issue? I 
think not. A rigorous attempt has in- 
deed been made to divest the concept of 
religion of all that is accidental and non- 
essential. Thus most religions have been 
authoritarian and this has been a source 
of offense to some scientists. But there 
have been heretics and mystics in every 
age who have resisted authority in the 
true spirit of religion. Authoritarian- 
ism is not essential in religion. Again, 
the scientist sweating for his little bit of 
truth is apt to feel that the attractive- 
ness of religion for her votaries lies in 
the easy disclosure of “truth"; that, in 
short, religion is an escape from reality. 
But the road of the mystic to his revela- 
tion is often long and exceedingly ardu- 
ous. That the appeal of religion is 
strong to the weary and the lazy is but 
an accidental aspect which we must elim- 
inate from the discussion. 
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Equally we must eliminate non-essen- 
tial virtues. Religion has so long been 
the foster-mother of morality that we 
tend to forget their separate origin and 
their different natures. The time has 
come when morality, buttressed by an 
increasingly scientific ethics, can stand 
without the support of fostering religion. 
Nor is social service religion. I believe 
that we have found the core of religion 
in its approach to truth. Religion claims 
to possess divine truth or rather a divine 
way to truth. It can not give thui up 
and remain religion. And science de- 
mands no less than the unconditional sur- 
render of this claim to truth. In this 
fact we find an unreconcilable conflict 
between science and religion. 

• • • * « 

Yet science is not and can not be the 
whole of life. It must indeed, like any 
vital human concern, permeate all life. 
But in the tapestry of daily living, it is 
but one part. The pattern of that tap- 
estry will be infinitely the richer for the 
work of science, but it will fall to pieces 
if, as the other strands rot out, they are 
not replaced. Men seek not truth only 
but beauty. Men seek not facts only but 
their significance and value. Science 
knows nothing of significance in this 
sense of the word and is indifferent to 
values. The realm of values and the 
realm of facts, though they have con- 
current jurisdiction over our acts, can 
not be intermingled. To be truly scien- 
tific is precisely to ignore valuations. 

Though science is thus indifferent to 
the questions of significance and value, 
living men are not and can not be. 
Science itself is pursued because it has 
certain values. Throughout long ages it 
has been part of the task of religion to 
raise aloft the standard of values by 
which men might measure existence and 
human effort. This must remain when 
religion shall have perished. 

Twenty-five hundred years ago herds- 
men prophets in Palestinian deserts had 


a vision, incomplete and halting, but 
vivid : God cares, and so man has signifi- 
cance. Something of that vision is 
needed to-day. The universe is not in- 
different I In the face of a cosmic vast- 
ness undreamt of by the ancient found- 
ers of religion, there are those who dare 
to assert the significance of man. 
Human toil and effort and suffering, 
human happiness and human aspiration 
after righteousness, these matter. It is 
these which give meaning to life. 

Two very divergent questions will here 
be raised. Is this not atheistic? And 
is not this but religion under another 
name. We should not shrink from the 
designation, atheistic; belief or disbelief 
in God matters little. But the attitude 
we have described seems almost to imply 
a pantheistic position. To assert that 
the universe is not indifferent is nearly 
tantamount to supposing it to be alive. 
Indeed there seems room for belief in a 
personal floil who shares with man a 
moral significance. 

The second question is less easily an- 
swered. It is not wholly a matter of 
appropriate terms. Were that the case, 
there would be great practical advantage 
in abandoning the term religion in the 
hope of getting rid of the abracadabra 
of religion, of the endless theological 
disputes about matters of no present-day 
moment, of intolerance, of denomination- 
al ism and of the other patent evils which, 
though inessential to religion, adhere like 
tenacious parasites to their host. To re- 
linquish all claim to be religious would 
be a cheap price to pay for leaving all 
these behind. 

There is, however, a more fundamental 
reason for denying that this faith in 
man’s aspirations is religion. Words 
are not perfect symbols like the x’s and 
y’s of algebra to which one may give 
what meaning one will. We may not 
lightly undertake to say all that may be 
meant by such a term, rich in genera- 
tions of hallowed associations, as re- 
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ligion. But this seems clear : that 
religion means now, if it has not always 
meant, some sort of commerce with the 
Divine. The fundamental relationship, 
probably, as has been indicated, is the 
revelation of truth. Lacking this, a faith 
no matter how devoutly held as the 
meaning of life has little right to term 
itself religion. 

The fundamental likeness to religion 
is not, however, to be overlooked. We 
have here to do, as in religion, with a 
faith. Not faith in God, to be sure, but 
faith in the validity of man’s ideals. 
Such a faith contains within it the val- 
ues which make religion precious to 
many forward-looking men. Undoubt- 
edly also, it is religion which has his- 
torically promoted these ideals. Even 
the attitude of mind in which one holds 
this faith resembles certain religious at- 
titudes. 

Its advantage over religion in a world 
of science lies in its divorce from the 
claim to possess truth. Prom this faith 
in man no truth derives. Lacking this 
faith, we should not find the facts of 
life other than they are; they would 
merely be without significance. It is 
because this faith abjures all claim to 
empirical truth that it does not conflict 
with science. 


That is, of course, merely a negative 
justification of one’s faith in the signifi- 
cance of man. Is there no other! No, 
not if by justification be meant a rational 
process. Faith is never wholly justifi- 
able by reason. What has reason to do 
with ultimate values, reason whose func- 
tion it is to enable us to solve problems 
and to adjust ourselves to facts! The 
intellect is not the only side of life. At 
the heart of life there is an irrational 
element. I have faith in the nobility 
of man because I will have it so. I have 
faith in man because to live without it 
seems to me an incredible paradox. 

Then there may be other faiths! Of 
course! And so long as they deal with 
values only and not with facts, each is as 
legitimate as the other. This faith I 
share with an increasing number of 
modem men. Will it create institutions, 
build churches, assemble dogmas! One 
can not say. But in this faith men will 
in all literalness as well as figuratively 
move mountains. In this faith men will 
live and strive. The source of values, 
not of truth, the complement of science, 
not its adversary, here is a faith worthy 
to take the place left vacant by a re- 
ligious faith unequal to the conflict with 
science. 



ESTIMATING HUMAN CHARACTER 

By GLEN U. CLEETON 

DXPARTICKNT OF EDUCATION AND PBYCUOLOQY, CARNEOIS INSTITUTE OF TECHNOLOGY 


The divining of human character 
from external appearances has engaged 
the attention of man from the earliest 
periods of which we have record down 
to the present time. The Greek philoso- 
pher and guide, Aristotle, became quite 
encouraged over the matter and wrote a 
treatise on the subject of physiognomy. 
He was not the first to give serious atten- 
tion to this inviting subject nor, by any 
means, was he the last. 

To Theophrastus, the Greek of Eresos, 
a disciple of Aristotle, belongs the honor 
of having been the first writer of record 
to attempt a classification of humanity 
on the basis of character. At the age of 
ninety-nine, and, about three hundred 
years before the birth of Christ, this 
enterprising gentleman set about to 
crown his career as a student of human 
nature by providing posterity with a 
written record of his observations on the 
faults and virtues of humanity. But we 
have his words for it offered in that en- 
gaging style which has made his little 
volume, ‘‘The Characters,’^ a classic, to 
wit: 

I have always been perplexed when I have 
endeavored to account for the fact, that, among 
a people, who, like the Greeks, inhabit the 
same climate, and are reared under the same 
system of education, there should prevail so 
great a diversity of manners. You know, my 
friend, that I have long been an attentive ob- 
server of Human Nature: I am now in my 
ninety -ninth year of my age; and during the 
course of my life I have conversed familiarly 
with men of all classes, and of various climes; 
nor have I neglected closely to watch the ac- 
tions of individuals — as well the profligate as 
the virtuous. With these qualifications I have 
thought myself fitted for the task of describ- 
ing those habitual peculiarities by which the 
manners of every one are distinguished. 1 


shall therefore present to your view, in suc- 
cession, the domestic conduct, and, what may 
be termed, the besetting practices of various 
characters. I am willing, my friend Polycles, 
to believe that a work of this kind may bo 
beneficial to the succeeding generation, who, 
by consulting these patterns of good and evil, 
may learn, at once, to avoid what is base, and 
to assimilate their habits to what is noble; and 
thus become not unworthy of their virtuous 
ancestors.! 

Who could have said better? 

A study of the “Characters of Theo- 
phrastus” brings in its wake a disap- 
pointment, however, in the fact that the 
untimely death of this thoughtful ob- 
server prevented him from completing 
his task. Only the descriptions of the 
thirty non-virtuous types were ever 
finished. The analyses of the virtuous 
were thus lost to posterity and the world 
has since been left in doubt as to who 
Theophrastus really considered them to 
be. 

We can not undertake the task of 
elaborating the .story of the search for 
the hidden key to human character, for 
such would necessitate volumes. A few 
details refuse to be overlooked, however, 
such as the fact that the Greek writers 
prior to Aristotle explained differences 
in temperament by suggesting variations 
in the compounds of the four elements 
which they claimed as being the basic 
constituents of the human body, ie., 
earth, air, fire and water. Hippocrates 
(460-^70 B. C.) denied this explanation 
and satisfied himself, at least, that 
humanity could be fitted readily into 
four types, namely, the sanguine, the 
choleric (bilious), the melancholic, and 

1 *'The Characters of Theophrastus.*^ Trans- 
lated by Francis Howell; London, 1824, 
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the phlegmatic, depending upon the 
relative fluid content of the four bodily 
Jiumors — ^blood, yellow bile, mucus and 
black bile. The Hippocratic grouping of 
temperaments as modified a few hundred 
years later by Galen became classic and 
can be found to-day with slight varia- 
tions in many elementary text-books on 
psychology. The theory of bodily 
humors has been displaced, however, by 
the claim of certain modem physiolo- 
gists that the secretions of the endocrine 
or ductless glands are the regulating 
factors in personality. 

Vocational guidance through the in- 
terpretation of physical structure, one 
of the favorite money-getting devices of 
the present-day charlatan, was antici- 
pated by Juan Iluarte, a Spaniard, liv- 
ing in the century just following the dis- 
covery of America. Huarte petitioned 
King Philip II, of Spain, for permission 
to set up machinery designed to offer 
counsel to the wayward youth of the 
time. A part of his plea along with his 
basic thesis will bear repetition. 

Every man is born with a kind of particular 
disposition; each disposition and each aptitude 
correspond with a particular form of the head. 
. . . Thus it seems to me that it is requisite 
to set apart a number of sagacious and learned 
men, to examine and investigate into the menial 
qualifications and capabilities of young per- 
sons; in order to oblige them to make a choice 
of such sciences and professions as would be 
most in accordance with their intellectual con- 
stitutions; and not leave the matter to their 
own choice or direction. For in general cases, 
the choice will necessarily be an injudicious one 
and will induce them to give preference to some 
line of life which will prove less advantageous 
and useful to them than if they were under 
the direction of suitable and qualified coun- 
sollors.2 

The father of most of the modern 
commercialized systems of character 
analysis was Johann Kaspar Lavatcr, a 
Swiss naturalist, who wrote an elaborate 
dissertation on ‘‘Physiognomy,’' pub- 
lished in 1787 in four volumes. Al- 

z Bernard Hollander, *‘In Search of the 
Soul,” B. P. Dutton Co., 1920, p. 132. 


though phrenology was practiced by one 
Senor BEtuses as early as 925 A.D., it 
was not until Franz Joseph Gall offered 
his generalizations on phrenology in 
England during the early part of the 
nineteenth century that the public really 
became interested. The hold of his 
teachings, couched in the imposing 
terminology of the faculty psychology 
which was current at the time but which 
had really been suggested by Plato, upon 
the lay interest was equally as great as 
that achieved by the back-water of 
psycho-analysis during the present dec- 
ade. The movement spread rapidly, 
reaching its height in America between 
1840 and 1850. Among the group of 
ardent followers we find many histori- 
cally famous names, such as Horace 
Mann and Henry Ward Beecher. Itin- 
erant “professors” with trappings, 
usually including elaborate charts and 
models of the head with) the areas of 
some thirty to forty human faculties 
demarked thereon, along with an occa- 
sional human skull, reaped a ready har- 
vest from a gullible public whose mem- 
bers were awed by the profound knowl- 
edge concerning the human brain dis- 
played by these “experts” and by the 
easy authority with which they read 
hidden secrets from the external contour 
of the head and face of each unsuspect- 
ing subject. Attempts of science to 
refute the dogmatic claims of these 
“skull- jugglers” availed little and it 
was not until some other novel idea 
caught up the public imagination that 
the movement died of its own inanition. 

In spite of the historical death of the 
movement, it would not stay dead. The 
seemingly dead thing convalesced and 
gave evidence of a strong recovery 
shortly after the beginning of the pres- 
ent century. Rehashed systems based on 
the beliefs of the historical writers just 
mentioned are ever with us. We are in- 
vited to buy books which will teach us 
to judge people at sight. Employment 
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managers are told that by using the sys- 
tem they can thereby select suitable men 
for each and every job in their business 
organization. One may also, it seems, 
sensibly choose a life mate by using these 
schemes of character analysis. Too the 
salesman is told just how to quietly size 
up his prospect before reaching the 
point of requesting a deposit on the first 
installment. 

The proposition of detecting the hid- 
den traits of personality is so extremely 
inviting and stimulates the imagination 
to such an extent that a part of tlic pub- 
lic is ever ready to respond. The propo- 
sition has an appeal equal to that of the 
philosopher’s stone of the middle ages or 
of the ‘‘Doctrine of Signatures” of the 
early years of the modem era or of the 
alchemist’s dream of the twentieth cen- 
tury — ^synthetic gold. In view of its 
wide appeal it is not surprising that tlie 
response required by the disseminators 
of this golden key to success, happiness 
and prosperity is the open pocket book. 

Commercialized character analysis 
continues to be widely exploited. Many 
claims are made for it and equally strong 
criticisms are offered against it by prac- 
tical men. In seeking to determine the 
truth, one finds further that pseudo- 
science has made exaggerated claims for 
the validity of modified forms of pliren- 
ology and physiognomy, wliile science 
has sought to confound the believers with 
citations of disproof in theory if not in 
fact. The resultant disputes, usually 
accompanied by rising blood pressure, 
liave accomplished little by way of set- 
tling the point in question in the mind 
of the average man. Because of this 
confusion, the time seemed ripe a few 
years ago for a scries of empirical ex- 
periments seeking to determine the 
validity or non-validity of the claims. 
Such a program was undertaken by the 
present writer and Dr. P. B. Knight at 
the University of Iowa laboratories in 
1922. 


Some of the most important results of 
the studies mentioned have been made 
available by earlier reports.® News re- 
ports and quotations in popular maga- 
zines have represented the results as 
giving evidence for the conclusion that 
there are no external characteristics of 
the face or head by which the character 
of a person may he judged.^ In strict 
fairness such a statement is hardly war- 
ranted by the results, but it certainly 
does seem safe to say that there are no 
fixed anatomical characteristics of the 
head or face by which character or per- 
sonality traits may be estimated with a 
degree of accuracy such as is demanded 
by science or in reality by practical 
needs in every-day life. 

To illustrate one of the most common 
fallacies in attempting to judge charac- 
ter by external signs we may point out 
that attempts to judge intelligence by 
the size or shape of the head seem 
doomed to failure. Quality counts for 
more than quantity in brain structure. 
Extremes in physical structure some- 
times give accurate insights into the in- 
tellectual quality of an individual, but 
it docs not follow that an extremely 
small head denotes dullness, while an 
extremely large head denotes brilliancy 
of intellect. Extremely small heads are 
likely to denote low mentality, but so 
are excessively large heads. Some in- 
stances are on record of individuals hav- 
ing a fairly well-shaped head with prac- 
tically no forebrain and as a result 
lacking almost entirely in intelligence. 
Neither may one, by way of further 
illustration, conclude rightly that a 
slim, wiry individual is likely to be 
quick and alert mentally and of an irri- 
table disposition ; that the fat man with 
a full round f-icc is likely to be slow and 
deliberate mentally but of pleasant dis- 

8 Journal of Applied Psychology, Juno, 1924, 
Vol. VII, No. 2. 

^Uygeia Magazine, April, 1925 ; Literary 
Digest, June 20, 3925. 
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position. Equally incorrect is the 
assumption that a brunette will become 
a steadier clerk than the supposedly 
erratic and temperamental blond. Iso- 
lated instances proving all these and 
similar claims may be found, but in tak- 
ing large groups of people just as one 
finds them, exceptions will be found to 
be quite as numerous as the rule. 

The evidence for such denials as those 
given above grows out of the experiments 
previously mentioned. The nature and 
methods of these experiments are de- 
scribed in the following paragraph. 

Forty individuals, twenty men and 
twenty women, were used as subjects in 
the main experiment in this series. 
These persons were selected from among 
members of national sororities and fra- 
ternities in a manner designated to get 
as wide variations in temperament and 
ability as possible. In a series of mea- 
surements, including over one thousand 
major statistical computations, ratings 
by a large number of close associates on 
these men and women were secured cov- 
ering character and personality traits 
such as intelligence, soundness of judg- 
ment, frankness, ability to make friends, 
will-power, leadership, originality and 
impulsiveness. Ratings by a large group 
of strangers on the same traits for the 
same group of subjects were also ob- 
tained. A third series of measurements 
were made following the lines laid down 
by the self-styled authorities on charac- 
ter analysis. The acquaintances were 
asked to rate the subjects so that their 
estimates would reflect the knowledge 
gained about the subjects through inti- 
mate association. The strangers were 
persons accustomed to employing people, 
such as business men, school principals, 
employment managers and others. The 
strangers were given an opportunity to 
rate the subjects only on short acquain- 
tance and from external appearances. 
They were not permitted to interview 
the subjects. The measurements of the 


head and face claimed as important by 
the character analysts were made by 
means of carefully tested anthropometric 
instruments, the number of physical in- 
dices taken on each subject being some- 
what in excess of two hundred. 

The outstanding results derived from 
a critical examination of the ratings and 
measurements may be stated as follows: 

(a) The acquaintances agreed closely 
with each otlier in their estimates on all 
traits listed above, except frankness and 
ability to make friends. Even on these 
two the agreement was fair. 

(b) The ratings by strangers agreed 
with eaeh other on all traits except 
frankness to a rather marked degree. 

(c) The ratings by strangers did not 
agree with those made by the close 
acquaintances. 

(d) The results secured according to 
the character analysts’ recommendations 
did not agree with each other, nor did 
they agree with the ratings supplied by 
either the close associates or the group 
of strangers. 

It seems safe to conclude that there 
exists only a vague and unimportant 
relationship between what one may de- 
termine from an examination of the 
fixed features of the head and face and 
the actual character of the individual. 
Certain other significant generalizations 
seem warranted by the data obtained to 
date: 

(a) The relation to the subject of the 
person passing judgment on his charac- 
ter (friend, enemy, stranger, acquain- 
tance, etc.) causes the estimate to vary 
widely, depending upon just what the 
relation happens to be. 

(b) When a large group of persons 
all related to the subject in the same 
manner pass judgment on him, their 
estimates are likely to agree closely on 
some traits but vary on others. 

(c) Strangers are more likely to be 
influenced by external appearances in 
their general opinions of the subject, but 
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they are unable to describe accurately 
just what it is that influences their 
opinions. 

(d) Stranger’s valuations of a sub- 
ject’s personal traits are likely to change 
rapidly as they become better acquainted 
with the subject. 

(e) Individuals differ quite widely in 
their relative abilities to judge persons 
from external characteristics. The esti- 
mates secured range all the way from 
twenty per cent, accuracy to as high as 
seventy-five per cent, accuracy in excep- 
tional cases. Those who arc most ac- 
curate can not satisfactorily explain 
their method and in many instances 
deny that they have any set method. 

(f) Training in observational methods 
of character estimation usually improves 
the abilities of the poorest judges, but 
reduces the accuracy of the best judges. 

(g) Women are as a group able to 
form estimates of character from exter- 
nal appearances in just about one Imlf 
the time taken by men. While men are 
more deliberative, they are usually just 
as accurate in their estimates as a group 
as women.® 

An examination of all the evidence 
available seems to indicate that the gen- 
eral rule that may be accepted in any 
serious attempt to judge other people is 
that behavior is a belter guide to an- 
other's personality and character traits 
than physical structure. The term be- 
havior as used here is meant to include 

B Conclusions (e), (f) and (g) follow cita- 
tions by F. W. Allport, Social Psychology,'' 
pp. 221-231. 


all such items as physiological changes 
in facial expression, gesture, posture, 
gait, speech, tone ot voice, what one says 
and does in general in reaction to given 
situations. It must not be hoped that 
these behavior items will furnish an in- 
fallible guide to personality. All that 
can be said at present is that they may 
furnish the clues for estimates which 
may or may not later be verified by 
further observ^ation of the individual 
being studied. 

What, then, can be said of the future 
possibilities of judging character from 
external signs? Science may, after a 
long series of experiments involving the 
use of motion pictures and other quicker 
than eye instruments, be able to give us 
some solid facts for guidance. Present 
indications are that the results of brief 
tests, which depend upon ''trying-out” 
people in given situations, are likely to 
provide the most reliable and authentic 
guides to character and personality. 
Still, there are many people who feel 
that they must trust to external appear- 
ances. To such persons the recommenda- 
tion best given is to devote attention to 
observing behavior of others in relation 
to the environmental setting of the indi- 
vidual. It is possible to develop a sense 
of personal appreciation in somewhat 
the same manner as we learn to judge 
distances or learn to understand a lan- 
guage by living with a people who speak 
it. No system based on fixed features of 
the head and face is apparently suf- 
ficiently accurate to be of any particular 
aid. 



THE EEL IN ANCIENT AND MODERN TIMES 


Br SALPH C. JACKSON 


Of all fishes, both aneient and modern, 
the eel, Angoilla vulgaris, deserves all 
the various conjectures and hypotheses 
which have been recorded in the pages of 
natural history. No fish ever enjoyed so 
wide a celebrity. Worshipped in Egypt, 
esteemed by the epicures of Borne and 
Greece, recognized by Hippocrates as a 
therapeutic agent, the life Mstory of the 
eel baffled the scientific world for over 
two thousand years. 

Eels are found in almost all fresh 
waters and seas of the temperate and 
tropical zones. In the United States 
they inhabit almost all streams of the 
eastern slope, but were originally want- 
ing on the Pacific coast. 

It may reasonably be assumed that no 
eel ever matures or spawns in fresh 
water. At this writing no one has ever 
captured a perfectly ripe female eel and 
all evidence at our command tends to 
show that the eel spawns in the sea, and 
like the Pacific salmon death takes place 
after spawning. 

Eels in their fresh water habitat feed 
on fish eggs, insect larvae, frogs, and 
aquatic vegetation. It seems to be the 
consensus of opinion among fish cultur- 
ists that the eel is the most voracious of 
carnivorous fishes. They are most par- 
ticularly fond of our game fishes, espe- 
cially trout and salmon. As a rule, eels 
are night feeders; in the daytime they 
are generally found in holes or beneath 
stones. 

Meek and JCbkins are of the opinion 
that female eels grow to a much larger 
size than males and that the male does 
not exceed a length of twenty inches. 

At certain seasons of the year adoles- 
cent eels leave the ponds and rivers and 


travel over land to enj<^ other bodies of 
water. These migrations generally tdce 
place at night during a storm or whw 
the grass is covered with dew. In 1914 
the writer found an eel traveling through 
the wet grass four miles from any lake 
or pond. The above migratory move- 
ment of adolescent eels should not be 
confused with nuptial migration sea- 
wards, which takes place in the autumn. 

Eels are divided into two types; yel- 
low eels, which are eels before sex in- 
stinct develops, and silver eels, which are 
eels in their breeding costume. In some 
bodies of water yellow eels are not found 
in a well-nourished condition. The head 
is generally out of proportion, which 
gives them a weird appearance. In the 
autumn, the yellow eels take on a silvery 
coloration as they commence their migra- 
tion seawards. The belly is a silvery 
white. The eyes are larger than those 
of the yellow eels and the gross appear- 
ance of the gonads show a change in 
structure and coloration. 

A few years ago, certain Danish in- 
vestigators working in conjunction with 
the International Council for the Inves- 
tigation of the Sea tagged a number of 
eels to ascertain the number of miles 
covered during the migratory period. 
The records of recapture are most inter- 
esting. The rate of migration was found 
to be about ten miles a day. One par- 
ticular eel covered a distance of seven 
hundred and fifty miles in ninety-three 
days. These experiments proved beyond 
a reasonable doubt the migration was 
seawards, as all the recaptured eels were 
found nearer the ocean. 

The ancient naturalists knew nothing 
of the birth of eels. Oppian thought a 
432 



THE EEL 


433 


gluey substance detached itself from the 
eel and fell to the bottom and life 
evolved from spontaneous generation. 
Aristotle was of the opinion that eels 
were a solitary race that have neither 
seed nor offspring. Pliny believed that 
mature cels nibbed themselves to pieces 
against the rocks and produced a new 
brood. Van Hclmont, 1635, attributed 
the birth of eels to the dews of May 
mornings, while other naturalists thought 
germination took place in the swim 
bladder and the intestinal tract. The 
ovaries of the eel were discovered in 
1707 by Sancassini and later described 
by Valisneri. But it was only in 1873 
that the tests of the cel were recognized 
by tlie Italian naturalist, Syrski, and 
shortly after described by Jacoby. The 
eggs were first discovered by Raffaele in 
the Gulf of Naples. 

For over two thousand years it has 
betm known that sexually developed eels 
move down the rivers and lakes in the 
autumn, on their seaward migration and 
in the early spring young eels or elvers 
move up the rivers in most countries of 
Europe. Up to 1896 the elvers or eel 
fry W(»ro the earliest stage of develop- 
ment known to the European naturalists. 

In the Proceedings of the Royal 
Society of London, 1896, Grassi sub- 
mitted a paper showing that the cel fry 
stage is preceded by a larval stage and 
that the little fish known as Lepto- 
ccphalus are not foreign speedes, but the 
larvae of the eel. This minute fish was 
described by Kaup in 1856 as Lepto- 
cephalus brevirostris. 

Of all oceanic researches of the twenti- 
eth century, the investigation of the e<*l 
by E. J. Schmidt, the Danish scientist, 
stands out preeminently in the annals of 
biological literature. After eighteen 


years of profound study, Schmidt eluci- 
dated the spawning of the eel. Schmidt 
found tnat the breeding grounds of the 
American cel, Anguilla rostrata, lie along 
the range north of the West Indies and 
that the breeding grounds of the two 
species are intermingled in the Atlantic. 

During the larval stage the two spe- 
cies are differentiated only under the 
microscope. It seems to be the opinion 
that ovulation takes place with the 
American cel earlier in the season than 
the European species and as a result of 
this the American eel reaches the elver 
or eel fry stage in about a year. With 
the European cel, metamorphosis does 
not take x>laee until the third year. 

Schmidt (1922) summarized the 
breeding habits of the eel : 

Spnwiiiiig oominencps in early 8}>ring, last- 
ing to well on in summer. The tiny larvae 
7--15 mm long, float in watcrlayers ntK)ut 
200-.300 meters from the surface, in a tem- 
perature of about 20® C. The larvae grow 
rapidly during their first months, and in 
their first summer average about 25 mm in 
length. They now move up into the uppermost 
wnter-lnyors, the great majority being found 
between 50 and 25 meters, or at tinier even at 
the surface itself. Then they commence their 
journey towards the shores of Kiirope, aided 
by the eastward movement of the surface water 
itself. During their first summer, they are to 
be found in the western Atlantic (w^est of 50 
long. W.). By their second summer, they have 
attained an average length of 50-55 mm, and 
the bulk are now in the central Atlantic*. By 
the third summer, they have arrived off the 
coastal banks of Europe, and are now full 
grown, averaging about 75 mm in length, but 
still retaining the compressed, leaf -shaped lar- 
val form. In the course of the autumn and 
wintcT, they undergo the retrograde meta- 
morphosis which gives them their shape as 
eels and brings them to the elver stage, in 
which they move into the shores and make 
their way up rivers and watercourses every- 
where. 





THE MURPHYSBORO TORNADO' 

By Professor W. O. BLANCHARD 

DEPARTMENT OF GEOLOGY, UNIVERSITY OF ILLINOIS 


On March 18, 1925, there passed 
through eastern Missouri, southern Illi- 
nois and western Indiana what press 
reports have described as the ‘‘deadliest 
tornado of American history/’ The 
storm track lay less than two hundred 
miles south of the University of Illinois, 
so that the writer, working in coopera- 
tion with the Graduate School of tlic 
university, was enabled to be on the 
scene of the disaster within forty-eight 
hours of the storm’s passage. At that 
time the debris still lay where the ele- 
ments had strewn it, and the impres- 
sions of the storm by those who had 
witnessed it were still fresh in mind. 
From the ‘20th to tlie 22nd, inclusive, 
the storm track was crossed and re- 
crossed by the writer at as short inter- 
vals as the road conditions pi’rmitted, 
from western Miirphyshoro to some five 
miles west of Dale, i.c., for a distance of 
over fifty miles of the storm’s path. 

The report which follows is based 
upon a record of the field observations, 
upon interviews with a large number of 
people living in the storm path or its 
vicinity who had observed the tornado’s 
passage and upon the data furnished by 
the cooperative observers of the U. S. 
Weather Bureau and the Washington 
Daily Weather Maps for March Ki to 
19, inclusive. T am particularly glad to 
acknowledge help given by Professor P. 
II. Colyer, Carbondale, and Messrs. 
Clarence J. Root and William K. Bar- 

1 Ati invcHtigation conducted under the 
auspices of the Graduate School of the Uni- 
versity of Illinois, by whoso aid the field 
observations were made possible. 


ron, meteorologists of the U. S. Weather 
Bureau, stationed at Si)ringfield and 
Cairo, respectively. 

The (‘yclone 

The low pressure area within which 
the tornadoes of March 18 occurred 
probably originated in the region of the 
Gulf of Alaska, on March 13.* It ap- 
peared first on the Washington Daily 
Weather Map on March 16 near Cal- 
gary, Alberta. Its subse(iuent path, as 
well as the points reached at the end of 
each twelve-hour period, is shown in 
Figure 2. 

Sweeping southward with increasing 
intensity, it reached the Oklahoma- 
Texas boundary on the evening of 
March 17. Here it made a riglit-angled 
turn to the north. On the morning of 
March 18, it reached a point just be- 
yond Fort Smith, Arkansas, and during 
the following twelve hours there devel- 
oped within it a series of five tornadoes. 
The path of the Low during that day 
le<l through southeastern Missouri, 
southern Illinois and western Indiana. 
Passing up the Ohio, it left the continent 
via the St. Lawrence Valley. 

The part of the cyclone track mapped 
in Fig. 2 has a length of approximately 
3,361 miles, wliich it traversed in eighty- 
four hours or at an average rate of forty 
miles per hour. The maximum rate of 
advance for any twelve-hour period was 
between Missoula, Montana, and Lead- 
ville, Colorado, where it reached a speed 

2 H. J. Cox, meteorologist, U. S. Weather 
Bureau, Chicago, 111., in private communication 
to the writer under date of April 8, 1925. 
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PROOBEBS or THE CYCLONE'* 


Date Hour 

City near 
center of Low 

Progress 
in past 
twelve hours 
(miles) 

Rate of 
advance in 
last twelve 
hours 

Barometric pressure 
reduced to sea 
level 

Mur. 

1«, 7 

A.M. 

Calgary, Alberta 



29.62 

1 1 

Ifi, 7 

P. M. 

Missoula, Mont. 

346 

-28.8 


< ( 

17, 7 

A.M, 

Leudville, Colo. 

650 

- 54.2 

29.62 (Denver) 

( ( 

17, 7 

P.M. 

Altus, Oklu. 

520 

-43.3 


t < 

18, 7 

A.M. 

Benton ville, Ark. 

365 

-30.4 

29.62 (Ft. Smith) 

t i 

18, 7 

P.M. 

Terre Haute, Ind. 

425 

-35.4 


t i 

19, 7 

A.M. 

Rochester, N. Y. 

530 

-44.2 

29.5 (Buffalo) 

< i 

19, 7 

P. M. 

Father Point, Quebec 

525 

43Sr5 





Total distance 

3361 

Av. 40.0 



of 54.2 miles per hour. During the 
twelve-hour period in which the torna- 
does developed, the cyclone advanced at 
an average rate of 35.4 miles per hour. 

By the evening of the 17th, the low 
j)ressure area had taken the form of a 
huge trough reaching from Ontario to 
Mexico. The isobars about the Low for 
7 A. M., Wednesday, Marcli 18, are re- 
produced in Fig. 2 from the Washington 


Daily Weather Map for that day. They 
show a striking resemblance in form to 
that of the generalized type favorable 
for the development of squalls and tor- 
nadoes, as shown in Fig. 3.^ The 

3 Data from Washington Daily Weather Maps 
for the days indicated. 

4 R. DeC. Ward, Tornadoes of the United 
States, Jour, Royal Meteorological Society, 
43: nUT: 324, Fig. 5. 



FIG. 2.— PATH OF THE LOW PRESSURE AREA 
IN WUICII DEVEliOPED THE TURNADOF.S OF MARCH 18, 1925. ISOBAKS ARE DRAWN ABOUT THE 
Low FOR March 18, 7 A. M., Central Standard Time. 
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V-shapcd prolonjjfaiion to the south, the 
axis of which represents the meeting 
place of the warm, moist winds from off 
the gulf, with the cold, dry winds from 
the north, is very well developed. 



FIG. 3.— GENERALIZED LOW 
Showing conditions favokabj.is fou squalls 

AND TORNADOKS. COURTESY OF H. DeC. WauD. 


The records as reported’' by observers 
along cither margin of the tornado path 
confirm the existence of this condition. 
A study of the data given below shows 
a difference in tempi'ratures, both 
maximum and minimum, between the 
stations north and those south of the 

•''' Private cominunicatious to the writer from 
tJ. S. cooporative ohservors at the places luimcO 
in the table. 


path, considerably greater than is to be 
accounted for by the diflerence in their 
latitudinal positions. 

The MuRPiiYsnoHO Tornado 
Object of Field Observations: 

The field investigation was intended to 
establish as far as possible facts bearing 
upon the following: 

(1) The path of the storm, its exact 
location, dimensions and continu- 
ity of earth contact. 

(2) Movements, both progressive and 
rotational, their direction, veloc- 
ity and the time rcfiuired for the 
storm to traverse a given point in 
the path. 

(3) Evidence of low atmospheric pres- 
sures, the bursting of buildings 
and strong updraft capable of 
lifting heavy objects. 

(4) The weather conditions preced 
ing, during and following the 
storm and tlic appearance of th< 
storm itself. 

(5) Damage done in different por 
tions of the path, the efteet of re 
lief features and the relation o 
building construction to the pro 
tection of life and property. 

The S^tonn Track: 

The path of the tornado was unusua 
in many respects. As shown in Fig. 4 


Weather Observations Ad.jacent to Tornado Helt, Marc’JI IS, JD25 


Toinis North of Tornado Path 



Sparta 

DuQuoin 

Mcl^ansboro 

Mt. Carine 

Max. temperature 

<U 

05 

04 

00 

Miu. “ 

4.3 

42 

45 

40 

Wind direction 

SE 

NW 

SW 

NW 

Sky 

Ch)udy 

Clomiy 

Cloudy 

Cloudy 

Prccip. in inches . 

.30 

.77 


.40 


Points South of Tornado Path 



Carlwmdale 


Hainsburg 

Carmi 

Max. temperature 

09 


74 


Min. ** 

48 


49 


Wind direction 

SW 


8W 


Sky 

Cloudy 


Pt cloudy 

Cloudy 

Precip. in inches 

.82 



1.02 
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it maintained a direction which varied 
but little throughout its entire extent. 
In Illinois it lay about 21'' north of east. 
Though but sliglitly over two thirds of 
the length of the Mattoon tornado of 
1917, it is about ten times as long as the 
average for this section. Througliout its 
entire length of about 220 miles, it 
never severed its contact with the earth. 
The total width of the path in the por- 
tion observed, furthermore, was main- 
tained practically constant at about 
three fourths of a mile; that in which 
everything was practically all destroyed, 
at from one half to two thirds of the 
total. The breadth in Missouri is re- 
ported as being one fourth mile ; at the 
other end of the path, it narrowed to 
that width only after the storm had 
reached a point one and one half miles 
beyond Princeton, Ind." For over one 
hundred miles of the path, the width 
was maintained fairly uniform at about 
three fourths of a mile. The total area 
affected exceeded one hundred square 
miles, of which about fifty were com- 
pletely devastated. 

Eastwiird Progress of the Tornado: 

The speed at which the storm swept 
eastward was unusually rapid. The ac- 

« C. J. Root, in a private communiciition to 
the writer under date of March 30, 1925. 


tual velocity was determined by check- 
ing the time of the storm arrival at the 
several cities and villages along the 
path. Since the route between towns 
was essentially an airline, the exactness 
with which ttie velocity could be com- 
puted depended upon the accuracy of 
the reports of tlie storm's arrival. 
Clocks which went down when the storm 
struck^ or which stopped when the walls 
to which they were attached rocked and 
swayed** were sought for and their record 
kept if the owner could verify their ac- 
curacy. Office managers,® railway men 
and others who would be likely to know 
the time were sought and their reports 
checked against each other. The table 
on page 439 gives the data secured for 
points between Gorham, Illinois, and 
Griffin, Indiana. 

The average forward movement is 
thus seen to have been almost a mile a 
minute. This was about 50 per cent, 
greater than in the case of the Mattoon 
storm in 1917. 

Duration of the Storm at Any One Point: 

Estimates of the actual duration of the 
storm at any one point were difficult to 
get from survivors. This was to be ex- 

T Murphysboro. 

8 Bu&h Y. M. C. A. 

» Orient Mine No. 2, West Frankfort. 
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Bkcord of Forward PiuxmEss of the Tornado 


FROM Gorham, III. 

,, TO Griffin, 

IND. 

Place 

Arrival 

Airline dis- 
taiico in 
miles from 
prceeding 
point 

Speed in 
miles 
per hour 

Gorham 

2 ;25’" 



Murphysboro 

2:32 

8.5 

73.0 

Bush . . 

. 2:47 

13.4 

53.6 

W. Frankfort 

3:00 

11.8 

.54.5 

Parish 

3:07 

7.0 

60.0 

Griffin . 

4:04'® 

55,0 

58.0 


Total time, 1 hour 30 riiiu. for 95.7 raile«. 

Av., 58.0. 

pected, of course, for in Uie midst of 
such a storm seconds may well seem like 
minutes. However, the period of dura- 
tion may be computed, since we know 
the diameter of the whirl and tlie veloc- 
ity of forward prof?ress. Since the width 
of the path, and, therefore, of the wliirl 
was about three fourths of a mile, while 
the forward velocity was about a mile a 
minute, it would take about three fourths 
of a minute for the storm to;pass a given 
point. K.stimates by ob.servers ran as 
high as fifteen minutes. 

Criteria for iletermining Wind Direc- 
tion : 

The wind directions at various points 
in the storm path were sliown by the 
direction of fallen materials. Small 
wooded tracts or open fields strewn with 
debris were selected for study in pref- 
erence to shade trees along city streets, 
llnsymmetrical trees or those likely to be 
deflected in their fall by telephone wires 
or whose roots may have been cut on one 
side for sidewalk or sewer construction, 
were passed over as unsatisfactory evi- 
dence. The woodlot just west of the 
high .school at the western margin of 

1® The time at Gorham ami Griffin was re- 
ported in a private communication to the writer 
by C. Root, meteorologist, Springfield, Illinois, 
under date of March 30, 1925. 


Murphysboro and the open fields of com 
stubble strewn with strips of siding west 
of the M. & O. tracks in the same city, 
the open fields and scattered trees of 
“The Camp” north of Bush, were types 
of places selected for observations. 

Rotational Mowmcnl : 

That the chief movement of the air in 
this storm was rotational and therefore 
tornadic, there is no question.- Eye- 
witnesses and the evidence offered by 
damaged buildings and twisted trees fur- 
nished abundant proof. During the 
course of an examination of such evi- 
dence one came occasionally upon a 
ca.se where the rotation seemed to have 
been clockwise, t.c., contrary to the well- 
established law for rotating storms in 
the northern hemisphere. 



FIG. 5.— CHURCH 

FOUR AND ONK HALF MILKS WE.ST OF DALE APPAR- 
ENTLY ROTATED eiiOCKWISE. 


Pig. 5 shows a church which faces east 
and it will be .seen that the rear end has 
been mov(?d some fifteen feet to the 
north ; the front end only five or six feet 
in the same direction. The building is 
located on the extreme southern margin 
of tlie storm trac^k. Pig. 6 shows a frame 
house originally resting upon cement 
blo(‘ks. The structure has been turned 
90®, the wing now facing cast (to the 
left) w^is formerly nearest the point 
where the camera stood. Both buildings 
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FIG. 0.— HOUSE AT NEPERS CORNERS 

TllHKK AM) ONK JIALF MILKS NOUTHFAST OF 

Half. Rotation aitakknti.y 90 df/jrees in 

t ’LO( 'K WISE I)IUE(’T10N . 

have l)c*en turned in a clockirise diree- 
tion. Ai^ain in Pij?. 7 there is shown a 
locust tree located near Parrish in which 
the twisting? of the top would seem to 
have be(*n the efPect of a clookwise- 
nioviiif^ wind, ThouM:h at first somewhat 
disconcerting, it does not seem at all un- 
reasonable to find buildings moved as 
indicated. Such results may vc'ry well 
be due to difFerences in the rigidity witli 



FIG. 7.— LOC^UST TREE 


APPARENTLY TWISTED IN A (’LOOK WISE DIRECTION. 

The grain was not straight but spirally 

ARRANGED. 


which the frame superstructure is fast- 
ened to the foundation. If, for example, 
the front portion of the church building 
hud been rather firmly attached, a strong 
south or southeast wind in the tornado 
could easily turn it as shown. It will 
be noted that the whole building was 
moved north. The wind as shown by the 
fallen trees about Fig. 6 was from the 
north. If the northwest corner (on 
the right) was fastened ratlier securely, 



FIG. 8. -HARD MAPLE 
ON 22nd and Sprlr’E Street, MrupiivsiioRO, 
twisted counteiu’lockwise. The grain is 

STRAIGHT. 

the movement would he as shown. An 
extreme case illustrating the same point 
was found in Murphysboro, when* a fill- 
ing station had been rotated clcK'kwisc, 
the building being turned upon the con- 
crete tank in one corner which acted as 
a pivot. 

In the case of the tree in Pig. 7, it 
would seem entirely possible to produce 
the results shown if the original grain of 
the wood fonned a spiral. A careful ex- 
amination showed this to be the case, the 
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FIG. i).— BUILDING ROTATED COITNTERr- 
Cr.OCKWISE, MURPHYkSBORO. 

winding being clockwise, as may be seen 
in the upper half of the trunk. With 
such texture to start witli, tlie splintered 
top blown over by a straiglit wind would 
appear to have been twisted in the di- 
rection of the grain. It should be re- 
membered tliat the number of such cases 
was very limited, those whose movements 
were normal being vastly greater. The 


FIG. 11.— HOME OF A. GRISP, 
Parrish, A 2 x 8 timrkk drivks tiiroiuju 
STUDDINO NEAR CORNER. 



FIG. 10.— REB1J)ENCE 

ON Eioirnr Street, Mukpuysdoko, showing effect of flyincj missiles. 


maple shown in Fig. 8 and the building effects seen. Sticks and splinters with- 
in Pig. 9, for example, show a normal out number were driven through jiine 
twisting. siding of buildings. Pig. 10 is typical 

The actual rotational velocity of the of walls left standing in the storm path, 

wind can only be estimated from the At West Frankfort a piece of 2x4 was 
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driven through the side of a coal car, 
fitting as tightly as though shaped by a 
cabinet maker. At tlic home of A. Crisp, 
Parrish, a piece of 2 x 8 yellow pine was 
driven through the siding, passing com- 
pletely through a 2 X 4 oak studding and 
the end lodged against a second stud- 
ding, as shown in Pig. 11. Straws 
driven into trees were reported near 
Crossville.“ 

The general wind direction and the 
location of the wind shift line arc shown 
in Pig. 12. The arrows show the direc- 
tion of the wind. It will be seen that 
the wind shift line lies about one fifth 
of the distance from the north margin 
of the i^ath. The change from north- 
west to southeast winds along the line 
was very sharply marked — less tlian a 
block in width as a rule. 



FIG. 12.--W1ND DIRECTIONS 


IN A CROSS SECTION OF THE STORM TRACK AT 
MURI’UYSBORO. 


The great majority of the trees lay 
toward the northeast as shown. This 
was to be expected, of course, since this 
was the direction of the storm’s prog- 
ress. The vehx'ity of the wind at any 
point in the path was the resultant of 
the rotational and the translatory move- 
ments. The velocity of the latter has 
been shown above to be about fifty- 
eight miles per hour. On the northern 
margin of the path then, the resultant 

11 Boot, C. J., and Barron, W. E., ''The Tri- 
State Tornado of March 18, 1025,*’ Climatolog- 
ical Data, III. Section, March, 1025, p. 12d. 


would be the rotational velocity reduced 
by fifty-eight miles per hour; on the 
southern border it would be the rota- 
tional speed increased by a like amount. 
We have then not only four fifths of the 
width of the path south of the wind 
shift line but a velocity there which, at 
the extreme edges, should be 116 miles 
an hour greater than in the portion to 
the north. It is little wonder, then, that 
the main mass of debris was distributed 
as though blown from the southwest. 

Low Pressure in the Tornado: 

The extent to which the atmospheric 
pressure was reduced in the center of 
the tornado is, of course, not known. A 
harogram from an instrument one and 
one fourth miles south of the center of 
the storm track at West Prankfort is 
shown in Pig. 13.*^ The passage of the 
'cyclone or Low across West Prankfort 
is shown by the broad V-shaped depres- 
sion as occurring between 9 :30 and some 
time past midnight of Wednesday, 
March 18. At 2:54, liowever, the needle 
dropped .23 inch, rising immediately the 
same distance and then rose gradually as 
the cyclone moved by. The drop of .23 
inch recorded the passage of the tornado 
to the north. The record is of interest 
not only as showiiig a marked decrease 
in pressure entirely outside of the tor- 
nado path but as showing that the tor- 
nado at that place occurred simulta- 
neously with the passage of the Cyclonic 
Low though the latter was probably 
centered north of the tornado. In most 
ca.ses tornadoes have developed to the 
southeast rather than directly soulli of 
the center of the Low. The barograph 
at the Carbondalc Normal, seven miles 
south of the path, showed no marked 
change which couhl be attributed to the 
storm.^^ 

Supplird the writer by Mr. J. E. Jones, of 
the Old Ren Corporation, West Frankfort, in 
private communication of March, 1925. 

13 Reported to the writer by Mr. F. H. Oolyer, 
cooperative observer, U. S. Weather Bureau, 
Caribou dale, Illinois. 
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FTG. 13 

This krcord is a tracing from the ork.inal loaned the wkitfai by Mr. J. E. Jones, Old Ben 
Corporation, West Frankfort, Iia.. The clock stopped on Tuesday preceding the storm 
FOR 12 HOURS (the PORTION OF THE CURVE BETWEEN THE ARROW). THE INSTRUMENT, ACCORDING 

TO THE Meteorologist of the 1 1. S. Weather Bureau at Cahm)* was apparently recording 

ABOUT .2 INCH TOO LOW. AS (JORREtrj’ED THE NEEDLE SHOWED A DECREASE IN I’RESSURE DUE TO 
THE PASSAGE OP THE LoW TO 29.J INCHES; THE TORNADO PRODUt^i’A) A FURTHER REDUCTION TO* 

28.87 INCHES. ITowevkk, this does not affect the fiirm of the barogram. 

* W. E. Barron in private eoinmunicatioii to the writer under date of May 4, 1925. 

Kvhlences of the low pressure in the 
form of exploded buildinjfs wore difficult 
to find. In many eases at Murphysboro, 
at least three walls identified as belong- 
ing to the same building had fallen out- 
ward. Fig. 14 shows a residence at 1912 
Walnut Street, Murphysboro, in which 
the (‘ast gable-end, ineluding the stud- 
ding above the window, had apparently 
burst outward. The building appeared 
to be otherwise intact, except for win- 
dows and doors. Otlier types of evi- 
dence were not lacking. A shot-firer at 
Orient No. 2 said the forced ventilation 
sy.stem was non-effective while the storm 
passed. Many observers reported great 
difficulty in breathing during the worst 
of the storm. A cistern at DeSota, 
wliich had held eight feet of water, was 
said to have had but half that depth 
after the storm passed.'* The disap- 
pearance of the house described by F. M, 
Hewitt, on page nineteen, was undoubt- 
edly due to explosive violence. 

FIG. 14.~-RESII)E^"CE AT MUttPIIYSBOBO i^Boportecl by F. H. Colyor, Carbondalc, in 
SHOWING PASSAGE OF CYCLONE AND TORNADO a conunuiiication dated April 29, 1925. 
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Appearance of the Storm: 

The description of the tornado’s ap- 
proach by eye-witnesses varied with the 
position of the observer, the time of the 
observation and his mental state at the 
time. The rapid approach of such a 
huf?o death-dealing phenomenon pro- 
vides conditions hardly conducive to 
calm and careful observation. 

Of the many descTiptions recounted 
to the writer, one seems particularly 
worth repeating. The observer, F. M. 
Hewitt, of Carbondale, occupie<l a van- 
tage point at DeSota, directly in the 
path of the storm, which he first noticed 
when about three fourtlis of a mile to 
the southwest. lie described the sky 
above the tornado as a seething boiling 
mass of clouds whose color changed con- 
stantly. PVom the upper portion, tliere 
came a roaring noise as of many trains. 
So definite seemed the source of the 
noise that it called for his remark to his 
two companions that the sound all 
seemed to *^come from this upper part.” 
Below this agitated, baggy-shaped mass 
of (doud, there was a tapering dark 
cloud mass reaching earthward, liighter 
clouds flanked this dark mass upon either 
side. He estimated the width of the 
dark pendent portion as one fourth 
mile^’' where it touched the earth. As 
they watched the approaching storm in 
the growing darkness, a liglitning flash 
showed a small house whicli a moment 
later disappeared as though dynamited. 
The three observers took refuge in a 
house which, when tlie storm struck, was 
dissipated, except a partition against 
w^hich one of the party was standing. 
He was untouched, the other two were 
carried with the debris and one severely 
liurt. Mr. Hewitt was blowui into the 
street, where lie clung to a post until the 
storm liad pas.sed. He reported extreme 
difficulty in breathing for a period esti- 
mated at about twenty-five seconds. 

15 As indicated above, the path of essentially 
total destruction was two or three times the 
width. 


Some of those who were in the storm 
path said they could distinguish no 
funnel-shaped cloud, others saw one or, 
in some cases, two which seemed to draw 
together from north and south and 
coalesce. 

Thunder as of an approaching thun- 
derstorm w'as heard, rain and hail fell, 
though not in excessive quantities. The 
feature which dominated the whole situ- 
ation was the terrific wind filled with 
flying debris. A few rods to either side 
of the storm ])ath, the most fragile struc- 
tures, e.g., huge signboards, were un- 
touclied. 

Tt s(»ems quite clear, from the numer- 
ous reports, that there w’as nothing of 
the dangling ropc-like form suspended 
from tlie cloud (*anopy, such as is often 
seen to the west of the Mis.sissippi. The 
dark mass reaching the earth was wdder 
and much less definite in outline. The 
suggestion of C. J. Root^’^ that the fun- 
nel cloud w^as so low as to resemble an 
inverted truncated-cone would se(*m to 
be an excellent one. 

Tornado Prediction: 

Tornadoes are often spoken of as 
” erratic,” which means es.sentially that 
W'c do not thoroughly understand the 
detailed conditions giving rise to them 
or whioh control their action. In spite 
of their success in fori‘casting the normal 
changes as.sociated with the passage of 
Highs and Lows, the V. S. Weather Bu- 
reau has never attempted to predict tor- 
nadoi's. We know from a study of the 
records of such storms their areal and 
seasonal distribution, their association 
wdth the typo of Low shown in Fig. 2 
and their general direction of progress. 

Their relatively rare occurrence, their 
limited period of existence, the re- 
stricted area covered and the conditions 
wliieh control tlie direction taken, to say 
nothing of the reason why in some cases 

C. .T., imd Bnrron, W. E., **Tho Tri* 
State Tornado of March IS, J925, Illinois 
Climatological Data, March, 1920. 
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they skip about, liXtinfa^ here and dipping 
to earth there* — all these are still prob- 
lems remaining unsolved. 

From a description of the tornado of 
March 18, it would seem comparatively 
simple to have sent word from the sec- 
tion first struck to the communities far- 
ther east. However, this tornado was 
unusual in its regularity. If all such 
storms moved as this one did in a fairly 
straight line for a long distance, keep- 
ing contact with the earth, maintaining 
a fairly uniform width and moving at a 
comparatively uniform rate, the problem 
of sending warnings ahead would be 
fairly easy. It seems, to the writer, that 
while we shall have to wait for more in- 
formation before attempting a forecast, 
some system of warnings might be ar- 
ranged to be sent after the storm had 
once appeared. If people had been on 
the watch they could easily have moved 
to the one side of the danger zone in 
three minutes, even if in the center of 
one of such unusual width as the Mur- 
physboro storm. 

Relation of Tornacloea to Building Con- 
st rucf ion and Insurance: 

After a study of over five thousand 
tornado records, Lieutenant Finhw con- 
cluded tliat it was useless to construct a 
building with tlie i<lea of making it 
strong enough to withstand a tornado. 
If one lived in a region fre<piented by 
such storms lie advised tlu^ erection of 
tornado-caves or cellars and the spread- 
ing of the risk or loss of building by*** 
insurance. 

A report, on this subject is now being 
prepared by a group of engineers from 
the faculty of the Lniversity of Illinois 

1“^ Note the toniaJo truck through Will uud 
Cook counties made iii 1920. Tt seems quite 
probable that the disturbances in theso two 
counties belong to the same tornado wliich 
lifted as it crossed Dupage County. Seo Fig. 
15. 

18 Finley, J. P., ''Tornadoes,'' The Jnswance 
Monitor^ New York, 1SH7. 


as a result of their study of the build- 
ings in the path of the tornado of March 
18. One of their number has stated as 
a result of preliminary computations 
that he believed buildings could be con- 
structed to withstand such storms at a 
very small extra initial outlay. The 
bearing of such a problem upon the 
question of construction for protection 
of life, especially in public buildings 
such as schools, and the relation of 
such construction to insurance costs is 
obvious. 



ILLINOIS, 1914r-APBIL, 1925. 

An examination of the damaged build- 
ings should show the necessity of having 
the floors forming the ceiling for the 
basement strong enough to bear the pres- 
sure of falling walls, thus serving as 
substitute for storm collars. A remark- 
ably large proportion of the buildings 
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destroyed had no basements. Resting 
as many of them did upon cement or 
wooden blocks, the wind had ample op- 
portunity to get under the buildings 
and move them bodily. ‘'The Camp,’’ 
north of Bush, consisted of such light 
buildings. A glance at Pig. 10 shows 
the danger to which a person is exposed 
in the open spaces of a city or village.'® 
Pig. 15 is suggestive to those inter- 
ested in tornado insurance. It will be 
noted that while the northern half of the 

It ift reported that a workman returning 
along the railway tracks from West Frankfort 
was overtaken by the tornado and took refuge 
behind one of the heavy plank posts uscmI as 
whistle*’ signals. Lying flat, face downward 
and clinging to the post ho escaped serious in- 
jury, but his fingers exposed on the windward 
side wore battered and skinned by flying mis- 
siles. Anothc'r less fortunate pedestrian took 
refuge behind the railway embankment, cling- 
ing to the rails to prevent his being blown 
away. Flying debris struck him, however, in- 
flicting fatal wounds. 


state had about twice as many tornadoes 
as the southern, the latter because of the 
longer tracks have a much higher tor- 
nado liability. The bearing upon in- 
surance risks and rates is obvious. An- 
other aspect of interest to insurance 
companies is suggested by the map. In 
view of the general direction taken by 
tornadoes it w^ould seem highly desirable 
for local companies insuring against tor- 
nado damage to spread their risks in 
a northwest-southeast direction rather 
than in a belt at right angles to this. 
Such a company confining its business, 
say to Jackson, Pranklin and Hamilton 
counties, miglit be seriously embarrassed 
if not rendered bankrupt by such a 
storm as occurred March 18. It would 
seem higlily desirable to map in great 
detail the frequency of tornado storms 
on the basis of the area devastated for as 
long as period as possible, as a basis for 
storm insurance. 



RADIO TALKS ON SCIENCE' 

THE STORY OF THE NORTHERN ROCKIES* 


By GEORGE R. MANSFIELD 

UNITED STATES aEOLOUfCAL SURVEY, WASHINGTON, D. C. 


To him who in the love of Nature holds 
Ooiiimunion with her visible forms, she speaks 
A various language. 

These beautiful words of Bryant ap- 
peal with special force to the geologist 
because his business is to commune with 
the visible forms of nature and to try to 
understiind her language. One of the 
most fascinating stories that she has to 
tell is to be read in mountain regions, 
where the rocks may he better seen than 
in many other jjlaces and where the ex- 
hilaration of living and climbing adds 
zest to pleasurable attempts at unravel- 
ling her many mysteries. Such efforts 
have a practical value for mankind, for 
in learning to read the story of the rocks 
much light is thrown upon the formation 
and distribution of valuable mineral de- 
posits, useful supplies of water, or com- 
mercial pools of oil or gas. Ground is 
laid for the hope that we may in time 
abate the terrors and losses of earth- 
quakes and of volcanic and other dis- 
asters of natural origin. 

The story of mountain ranges like 
those of the Northern Rockies is not 
merely a record of a single great acci- 
dent or convulsion of nature, or even of 
a group of such events. It begins in the 
remote past before there were any moun- 
tains at all in that region and continues 
into the future to a time when the moun- 
tains as we know them must be gradually 
reduced to lower hills or even be com- 
pletely worn away. It is like a gremt and 

1 Broadcast from Station WBC, Washing- 
ton, D. O.f under the auspices of the National 
Research Council and Science Service and the 
direction of A. L, Barrows. 

2 Published by permission of the acting di- 
rector of the Geological Survey. 


slow-moving picture, which we may look 
at for a time, but we are late in arriving 
at the theater and have to leave early. 
Altliough we actually see but a small 
part of the picture, we may from the evi- 
dence presented supply in imagination 
the parts that have gone before as well 
as those yet to come and thus gain a 
fairly accurate idea of the whole. 

When we enter the Northern Rockies 
we are at once impressed by the beauty 
of their scenery. Here we note rugged 
cliffs of massive rock; there the valley 
sides retreat in gentle wooded slopes; 
here a stream tumbles noisily in beauti- 
ful cascades; there it winds slowly 
among brushy banks or in grassy mead- 
ows. Perhaps we catch the glint of snow 
on some of the upper peaks or see a gla- 
cier nestling in the shelter of a lofty 
ridge, ('louds hover in the sky above 
and their shadows chase each other 
among the valleys or are reflected from 
mirrored lakes. Their cooling shade re- 
freshes th(* traveller after the heat and 
glare of the noon-day sun. These ele- 
ments of the scenery are pages of the 
story we, are following, so we must ex- 
amine them more closely. 

The rock ledges that first attracted our 
attention may be arranged in layers or 
beds, or may be crystalline or fine tex- 
tured without noticeable bedding. The 
bedded rocks or strata are particularly 
interesting because in many places they 
preserve the remains of animals or 
plants ; they may show current or ripple 
markings indicative of shallow water or 
of wave action; or they may contain 
cracks, footprints, or rain drop impres- 
sions like those now found in half-dried 
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mud flats. Elsewhere* they consist of 
sands like those that now form dunes 
along our coasts or in desert areas; or 
contain gravels like those in stream beds. 
The presence of shells of sea animals in 
strata that are now thousands of feet 
above sea level shows that the mountains 
were built up at a place where once the 
sea had been. Similarly beds of coal or 
of cemented gravels in the same region 
show that the sea gave place to swamps 
or lowlands. Indeed as we examine the 
strata in detail we read in the successive 
rock layers that the sea advanced and 
retreated over this ground many times 
and that there wc^^ intervals when des- 
erts, swamps, rivers, or even fresh water 
lakes occupied the country instead. As 
the geologist measures the thickness of 
the beds exposed to view he finds that 
the total runs into many thousands of 
feet. For example, in southeastern 
Idalio the thickness of the sands, muds 
and oozes now consolidated into rocks 
is about 46,000 feet, or more than eight 
miles. Since these beds were all laid 
down on what was then the sea bottom, 
or the surface, it follows that there must 
have been a progressive sinking of the 
ground while deposition was going on 
else these areas could not have continued 
to receive from neighboring lands such 
thick masses of .sediments. 

The rock layers are no longer nearly 
flat, as they doubtless Avere when fir.st 
formed, but are now bent, twisted and 
broken in many })laces, thus furni.shing 
evidence of former tremendous forces 
acting horizontally Avithin the crust of 
the earth. Acquaintance with these 
mountains and Avith other regions brings 
out the fact that the earth is gradually 
shrinking in Amlume and that its outer 
crust is constantly being squeezed like 
the skin of an apple drying up. At re- 
peated intervals the accumulated pres- 
sure has been too great for the rocks to 
resist and they have been crumpled into 
mountain chains in different parts of the 
earth. Mountain-building may there- 
fore be said to be one of nature ’s habits. 


The favorite places for such events to 
happen have always been where muds 
and sands and other sediments have been 
laid down in greatest thickness. It is 
believed that at such places the crust is 
progre.ssively weakened as the sediments 
gather and that the i)Osition and distri- 
bution of these strata in some way deter- 
mine where and how the mountain-build- 
ing forces .shall act. 

A contributing element in the process 
is undoubtedly the intrusion of great 
masses of molten rock, which have later 
crystallized on cooling underneath or 
within the strata. These intrusions have 
acted in some places like great hydraulic 
jacks in moving parts of the earth’s 
crust. 

Each movement or break in the rocks 
produces jars or tremors that we call 
earthquakes, so that it is natural that 
.such disturbances should be associated 
largely Avith mountain regions. In fact 
their relative frequency is an index to 
the rate of growth of mountain chains. 
Thus the greater number of earthquakes 
in the Tacific Coast Ranges than in the 
Northern Rocky Mountains indicates a 
more rapid rate of groAvth in the former 
mountain group. On the other hand, 
the Montana cartlupiakes of 1925 demon- 
strated that mountain-building activity 
in that r(»gion has not Avholly ceased. 
Peoj)l(* are now living, traveling and 
carrying on the business of life in the 
coast region of California apparently 
unmindful of the fact that mountains 
are groAving beneath their feet. Indeed 
the work of building mountains goes on 
.so sloAvly that the average man in his 
lifetime may r(»cognize few changes. 
Although careful instrumental measure- 
ments in the Coast Ranges have shown 
that crustal movements arc in progress 
there, many centuries mu.st elapse before 
the general appearance of the country 
Avill be much different from Avhat it is 
noAV. Yet it is probable that the present 
rate of groAA^th of the Coast Ranges is as 
fast as that of any of the mountain 
ranges that have formed in the past. 
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The erumpliiigr of the strata into folds 
has been accKmipanied in the Northern 
Boehies hy breaks in which great masses 
of folded rooks have been shoved bodily 
eastward over other masses, like one 
great ice cake upon anolher, for dis- 
tances as great as 26 or 30 miles and 
along fronts ranging up to more than 
260 miles in length from south to north. 
Such great breaks are called overthrusts. 
Individual overthrusts have been known 
in different parts of the Northern Rock- 
ies for many years both in the United 
States and in Canada. It is now being 
realized that these overthrosts are re- 
lated to each other and that the earth’s 
crust in the Northern Bookies has been 
piled in great slices with astounding 
horizontal movement and with total 
length probably approximating 1,000 
miles. 

It has long been known that the 
earth’s crust is in a state of comparative 
balance, so that when any part of its 
surface receives a great load it tends to 
sink, while by some compensating change 
within the body of the earth neighboring 
areas tend to rise, much as if the earth’s 
surface were a great pair of scales. It 
is therefore evident that when enormous 
masses of rock are piled up on the 
earth’s surface by mountain-building 
agencies, the areas receiving such loads 
must tend to sink until the balance is 
restored. Thus the Northern Rockies 
with their folded and broken strata ris- 
ing several thousand feet above the 
plains on the east must have overloaded 
the earth’s crust when they were being 
piled up and must have sunk with the 
crust a certain distance during the 
restoration of balance, and hence are not 
so high as mountain-building alone 
worild have made them. 

Thus far we have centered our atten- 
tion on the rocks, but the streams, snows 
and glaciers, which are parts of our 
mountain scenery, and the changes in 
temperature which we experience there 
have their part in the story. Their com- 
bined action is to loosen and remove 


pieces of rock, ranging in size from the 
finest fiour-like grains to great boulders 
weighing several tons or even to land- 
slides comprising thousands or millions 
of tons of rock debris. This material 
slides down by its own weight or is 
washed into the streams and is gradually, 
removed from the mountain region alt^ 
gether. Much is also carried away in 
solution. These processes, which we 
summarize under the terms weathering 
and erosion, are important factors in 
controlling the height of mountains. 

No sooner do infant mountains rear 
their heads above sea level than they are 
attacked by winds, rains and other at- 
mospheric agencies which tend to wear 
them down. The height which the 
mountains attain, therefore, gives a mea- 
sure of the relative rapidity of work of 
the mountain-building and erosional 
forces. In the earlier stages when the 
agencies within the earth are more active 
the mountains increase in height. When 
these agencies slacken or cease, erosion 
continues and the mountains are slowly 
but surely reduced to lowlands. In the 
Pacific Coast ranges already mentioned 
growth is more active than erosion. The 
Northern Rockies are probably in mid 
career, with erosion perhaps slightly 
gaining. The Appalachians on the other 
hand are in the declining stage, when 
growth has practically ceased but erosion 
is still vigorous. 

A mountain region that has passed 
through one long period of growth and 
decline in the manner just outlined may 
by renewal of activity within the earth 
be slowly lifted op again, and started on 
another similar course. Most mountain 
regions have had this experience and 
some of them have had it several times. 
Thus the history of a mountain region, 
which may appear simple in its broader 
outlines, becomes complex when it is 
studied in detaU. 

The Northern Rocky Mountains have 
been largely shaped by the sculpturing 
action of streams and glaciers, but the 
erosion has been guided by structure, 
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that is, its action has been selective 
among harder and softer rocks. The 
rocks that comprise the great overthrust 
blocks are generally more massive and 
more firmly consolidated than those of 
much of the over-ridden country. The 
overthrust blocks therefore in many 
places serve as protective cappings for 
weaker rocks that are elsewhere worn 
down or removed. Valleys that are deep 
enough to cut into the weaker rocks be- 
low the cappings afford opportunities 
for the geologist to identify the over- 
thrusts, where the two kinds of rock are 
in contact, and to follow their courses 
across country. A particularly good 
place to see an overthrust, and one acces- 
sible to tourists, is the peak known as 
Chief Mountain in the northeastern part 
of Glacier National Park. This remark- 


able mountain, which is quite appropri- 
ately named, stands out in front of its 
fellows and faces the plains much as an 
Indian chief might have done in the 
early days. Chief Mountain is composed 
of very ancient, hard and massive rocks, 
mounted on a pedestal of weaker beds, 
which from the fossils they contain are 
known to be hundreds of millions of 
years younger than the overlying beds 
and are similar in age and character to 
those which underlie the neighboring 
plains. 

I hope that any of my hearers who 
may chance to go to Glacier National 
Park will visit Chief Mountain, note the 
presence of the overthrust near its base, 
and try to read for himself the chapter 
of the story of the Northern Rockies 
which is there so clearly recorded. 


THE STUFF THAT THINGS ARE MADE OF 

By Dr. CHARLES E. MUNROE 

CHAIRMAN OF TUE COMMITTER ON EXPLOSIVES INVESTIGATIONS, NATIONAL RESEARCH COUNCIL 


There is no desire more universal 
among mankind than that of wishing to 
know what the things they encounter are 
made of. This desire is manifested in 
infancy ; it persists throughout life. 
Every one has seen a baby reaching out 
to everything about it and testing every- 
thing it encounters by feeling, viewing, 
smelling and tasting, thus acquiring a 
knowledge of its form and properties. 
It is amazing how rapidly an infant 
learns through these explorations. If 
only each of us could have maintained 
through life the interest and power we 
possessed in infancy, and could remem- 
ber and recall all we learned at this rate 
throughout our life, what a learned per- 
son each would be. 

Watch the progress of those about you 
from infancy to the grave and you will 
witness in miniature a moving picture of 
mankind and its development from its 
infancy to its present condition. In the 
early days mankind tried, as the infant 


does, to distinguish things by their ex- 
ternal appearances, characteristics and 
behaviors, but what a herculean task it 
was, for, consider vegetation, the multi- 
tude of varieties of grasses, of annual 
and perennial plants, of shrubs and 
trees; the multitude of varieties of fish 
in the waters and of insects everywhere ; 
the innumerable micro-organisms ; the 
great number of different animals and 
reptiles; the large number of different 
minerals; and the myriad of heavenly 
bodies. And consider further that no 
two things in nature are identical. 
There are no two leaves on the same tree 
that are precisely alike. 

Yet from time to time men have been 
born with one or more senses especially 
well developed; a superior eyesight, a 
special delicacy of touch, a marked 
acuteness for sounds, or a sharpened 
sense of taste or smell which enabled 
him to note difl^erences in the taste or 
odors of things that ordinary beings fail 



EADIO TALKS ON SCIENCE 


451 


to detect. Persona so blessed no doubt 
reported to others the results of their 
observations, whereby a body of knowl- 
edge was accumulated upon which the 
philosophic could speculate. 

It is amazing how far man went under 
these conditions. He early practiced 
agriculture in its many ramifications, 
though agriculture is perhaps the most 
complicated and intricate of all arts and 
industries and one to which a wide 
variety of sciences contribute. lie early 
noted and employed fermentation, for 
the Bible tells of Noah’s indulgence in 
wine. Metals, such as gold, silver, iron, 
tin and copper, were early recognized 
and used. We were taught that Tubal 
Cain wrought iron. Colors, such as 
indigo, were extracted from plants, or, 
like Tyrian purple, from shellfish, and 
used in dyeing. Soap-making, another 
chemical industry, was practiced by the 
ancients. Naturally then as now there 
were inquiring minds that sought to 
know what things were made of and 
after much speculation, before the time 
of Christ, and for many centuries after, 
it was held that there were four ele- 
ments — earth, air, fire and water — from 
which all things were made. 

When, however, in the fifteenth cen- 
tury, A. D., men began to notice that 
chemical changes in matter were accom- 
panied by changes in weight and, espe- 
cially when in the eighteenth century 
Lavoisier taught the importance of 
making precise w^eighings and measure- 
ments in the study of matter, man be- 
gan to perceive that there exist two 
great and easily distinguishable classes 
of matter, known, respectively, as simple 
or elementary matter and as compound 
matter. The different substances classi- 
fied as elementary matter are also spoken 
of as elements, or more precisely as 
chemical elements. All the countless 
number of compound substances in na- 
ture are built up from the chemical ele- 
ments. 

While the number of compound sub- 
stances possible is infinitely great, the 


number of elements is believed to be 
but ninety-two. The number recognized 
from the study of matter by many 
chemists through the use of the most 
delicate instruments and the most precise 
methods is now about eighty-eight, so 
there are some four yet to be found. 

Elements have been found through 
searching everywhere on the earth, under 
the earth, in the oceans, in the air and 
on the far-distant heavenly bodies. The 
ancients discovered the obvious ones. 
Those like yellow, glistening gold or 
white, brilliant silver were among the 
earliest to be discovered. In fact, all 
those known to the ancients, though not 
identified as elements, were of the kind 
that occur native. They enter into com- 
bination with other elements, yet they 
are such they can exist free and uncom- 
bined in nature in the presence of all the 
other elements and compounds about 
them. The majority of elements can 
not do so, for they are very active and 
so eager to enter into combination they 
do not occur free, excey)t as the combina- 
tions are resolved and the bonds severed 
by the chemist in his treatment of their 
compounds. 

However, not all the elements that 
have from the beginning existed free in 
nature were recognized by the ancients. 
Though man from the beginning has 
lived in constant contact with them, al- 
though his continued existence was de- 
pendent on his continued use of some of 
them and although he, in sailing his 
vessels, in using his windmills, in seek- 
ing shelter from the hurricane and the 
cyclone, admitted their existence, yet be- 
cause this medium, the atmosphere which 
surrounds our earth and contains these 
elements, is invisible, man for countless 
centuries failed to recognize it for what 
it is. Like a child of to-day he early 
recognized solids and liquids, but matter 
in the gaseous form remained a mystery 
until some one thought of trapping a 
portion of it in a vessel and studying its 
behavior under controlled conditions and 
with chemical reagents when promptly 
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an immense amount of new knowledge 
of nature was acquired. 

In 1774, tens of centuries after man 
had recognized gold, Priestley, by means 
such as have been described, discovered 
the element oxygen freely existing in the 
air. It also is found existing combined 
in a very great number of different com- 
pound substances. In fact, if we take 
the data from the analyses of the differ- 
ent mineral substances occurring on our 
earth to a depth of one half mile, in the 
waters on the earth and the atmosphere 
surrounding it, oxygen proves to be by 
far the most abundant of all the chem- 
ical elements, and from many stand- 
points we may fairly say it is the most 
important of all, though each one has its 
specific duty to perform and all are es- 
sential to the completeness of the uni- 
verse and the performance of its func- 
tions. 

On September 5, 1926, on the occasion 
of the Golden Jubilee of the American 
Chemical Society, chemists from all over 
the United States, and many from for- 
eign countries, made a pilgrimage to the 
grave of Priestley, at Northumberland, 
Pennsylvania, to do honor to the memory 
of the discoverer of oxygen. 

As the nineteenth century unrolled, 
the minds of many seemed to have 
quickened and powerful instruments and 
devices for research into matter were 
invented. Of these the spectroscope, 
through which light could be separated 
and analyzed, was of the first impor- 
tance. 

Man had long recognized that there 
were many elements which imparted 
colors to flames in which they, or com- 
pounds containing them, were heated 
and he had, for some centuries, been 
using them in fireworks for amusement, 
though, in recent times, they have been 
applied to the protection of life and 
property on railroads and on the waters. 

Thus sodium imparts a strong yellow 
color to a flame ; barium, a green color ; 
strontium, a crimson color; and so on. 
Now, behold ! when these flames were re- 


viewed through the spectroscope, because 
of the form of the instrument, the colors 
appeared within it as colored lines, which 
always appeared in precisely the same 
place in the field of view. By examining 
the spectra of the various elements, it 
was found that each element produced a 
characteristic spectrum that was all its 
own and different from that of any other 
element. 

With the development of spectrum 
analysis chemists found they had been 
put into possession of a method of 
analysis which, in its capacity to detect 
extremely small quantities of substances, 
vastly surpassed any method previously 
known to man. For instance. Swan 
found he could detect the presence in a 
flame of the 2,500,()00th part of a grain 
of sodium. 

Naturally, with such means at com- 
mand, chemists began actively to re- 
examine the matter about them and soon 
additional elements, such as caesium, 
rubidium, thallium and indium, which 
occur in but quite small quantities, 
were discovered. Not content with a 
knowledge of the things on this earth 
spectroscopes were pointed to the sun 
and other heavenly bodies, and these 
were found to also be made of such ele- 
ments as this earth is. Helium, which 
we now obtain from natural gas, and 
with which we fill our military diri- 
gibles, was discovered by Lockyer, in the 
atmosphere of the sun while viewing a 
solar eclipse through the spectroscope. 

Later in the nineteenth century, be- 
cause Becquerel had observed that cer- 
tain minerals photographed themselves 
upon a photographic plate even when 
both the mineral and the plate were in 
the dark, Madame Curio was led to ex- 
amine such minerals with an electro- 
scope, which is an even more searching 
instrument than the spectroscope, and 
by proceeding quantitatively, weighing 
and measuring, she discovered radium 
and other elements having radioactive 
properties. When the therapeutic value 
of radium, in the treatment of cancer 
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and other diseases, became known and a 
supply of it, for such uses, was sought, 
it developed that this element occurs, at 
least on the surface of the earth and to 
easily accessible depths, in extremely 
small quantities, and this furnishes one 
explanation as to why, through all the 
ages, this constantly glowing element 
had remained unknown to man. It is 
by means such as these the number of 
known elements has been brought to 
eighty-eight, the last announced discov- 
ery ^ing that of Illinium, due to the 
cooperative researches of chemists at the 
University of Illinois and the U. S. 
Bureau of Standards continued over a 
considerable period of years. 

Tlie discovery that all chemical 
changes, either in building \ip a com- 
pound from its elements or in separating 
a compound into its elements, were ac- 
companied with a change in weigJit, was 
one of the first importance, especially 
since it was later found that for any 
given clement this was always perfectly 
definite in amount, for this led to the 
belief that this weight attached to a 
unit portion of each element. Through 
this, and other evidence, chemists, in the 
last century, adopted the atomic theory, 
which taught that all matter is made up 
of atoms of elements which arc built up 
into molecules, in which the properties 
of bodies inhere and that these molecules 
are assembled to form the masses we 
commonly encounter and recognize. It 
was further believed that the atom was 
the smallest portion into which elemen- 
tary matter could be subdivided and 
that by no means could the atom be fur- 
ther subdivided. 

By comparing the weights of the 
known elements, and of others as dis- 
covered, with that of one of them, taken 
as a standard, the atomic weights were 
determined and these weights were used 
throughout chemical calculations for the 
control of extensive industrial opera- 
tions, for the settlement of important 
financial transactions, in fixing the guilt 
of one charged with murder and in a 
great variety of other ways with entire 


acceptance. In fact, by classifying the 
elements according to the ascending 
order of these atomic weights, it was 
found possible to fix the places of those 
yet undiscovered and, more wonderful 
still, to predict the proj)erties such ele- 
ments, yet to be discovered, would pos- 
sess, and elements subsequently discov- 
ered did possess the properties thus 
predicted for them. 

The belief that an atom was an inde- 
pendent, indivisible entity, composed of 
the same kind of matter throughout, was 
generally accepted at the opening of this 
century. But Madame Curio, through 
her discovery of radioactive elements, 
had set investigators to observing how 
matter behaved when exposed to rays 
from these and other sources, and soon 
Rutherford announced to the world his 
having, by such means, not only knocked 
portions off of atoms but obtained other 
kinds of atoms, thus achieving for the 
first time the long-expected transmuta- 
tion of elements. 

Since the discovery of X-rays it has 
been known that they can penetrate 
deeply into matter and disclose its in- 
terior. By combining the X-ray with 
the spcctroscox)e the interior of atoms 
has been explored, and from the infor- 
mation gathered it is now held that 
atoms consist of systems, analogous to 
our solar system, each with a central 
nucleus (its sun) containing protons, 
with other particles, called electrons, re- 
volving like planets about the nucleus, 
and that all is electricity, the protons 
being positive and the electrons negative, 
and that one atom differs from another 
by the number of protons and electrons 
in its system. 

A consequence of this view is that all 
elements, the molecules they form and 
the massCvS built up from their molecules 
are evolved from a single source. Hence, 
everything in the universe, including 
man, has been evolved from the same 
source, and the difference between the 
different things that exist is one, not so 
much of kind, as of number and ar- 
rangement. 



THE FOOD SUPPLY OF CHINA 

By Dr. SHIH TSIN TUNG 


The frequency of famines as well as 
the prevailing standard of living in 
China would suggest that there is a 
serious food problem in that country. 
But this problem has never received 
more than local and temporary attention 
from the people who are really concerned 
with it. No accurate inventory has ever 
been taken of the amount of food pro- 
duced each year or the land area avail- 
able for food production. It is therefore 
impossible to launch any intelligent pro- 
gram to solve this fundamental problem 
of humanity. 

However, it should not be too hastily 
inferred from the above statements that 
“China is an awfully crowded country.” 
Whether China is overpopulated or not 
depends upon how the situation is inter- 
preted. To begin with, we may compare 
the density of the population of several 
countries, including China, as follows : 

Number of inhabitants 
per square mile 
185 
239 
226 
311 
382 
54 
389 
36 
104 


Countries 
France 
Germany . 

India 

Italy 

Japan . . 
Kusaia, Europe 
United Kingdom 
United States 
China 


The population of China, although 
much denser than that of the United 
States and Russia, is not so dense as that 
of Japan, India and some European 
countries. China, therefore, is not over- 
crowded at all when her whole territory 
is considered. However, the actual con- 
dition is different. The great majority 
of the people live in the interior parts of 


China, which constitute only a little more 
than one third of the entire area. So the 
actual density is much higher, being 268 
persons per square mile in the 18 prov- 
inces where most people live. Even this 
figure does not show the whole picture 
of the actual condition, because the aver- 
age must have been pulled down consid- 
erably by the much lower figures of the 
northwestern and southwestern prov- 
inces which, being exceedingly mountain- 
ous, are but sparsely inhabited. The 
population of a few provinces is' ex- 
tremely dense, being as high as 875 per 
square mile in one case and 600 in an- 
other. When it is remembered that most 
of the people obtain their Ifving from 
agriculture, and that each province being 
as large as the average European country 
and being inadequately supplied with 
transportation facilities, food is not 
easily obtainable from outside, it will be 
realized that the pros.surc of crowdiness 
must be severely felt in some localities. 
A study of the ehanges of the population 
in the past discloses the fact that the bur- 
den of overpopulation has been on China 
since a long, long time ago. The four- 
hundred-million mark was passed as far 
back as 1842 so far as available statistics 
show; since then the number has prob- 
ably never markedly increased. The fol- 
lowing table compiled from various 
sources will illustrate the extremely 
fluctuating nature of the population of 
China. 

If the above data are reliable, reduc- 
tions of millions and even tens of millions 
of people occurring within short periods 
appeared to have been a common thing. 
Certainly there are more causes than one 
4.54 
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Thi Population of China at Various Times 


Year 

Number, 1,000 

755 A.D 

23,000 

1014 

22,000 

1097 

33,000 

1195 

48,000 

1393 

. . . 60,000 

1381 

59,850 

1412 

65,377 

1580 . . 

60,692 

1662 

21,068 

1668 

25,386 

1710 

23,312 

1711 

28,241 

1736 . . 

. . 125,046 

1743 

157,344 

1753 . .. . 

103,051 

1760 

143,125 

1769 

203,916 

1761 

205,293 

1762 

198,215 

1790 

155,250 

1792 

307,497 

1792 

333,000 

1812 

362,467 

1842 

413,021 

1868 

404,947 

1881 

380,000 

1882 

381,309 

1885 

377,036 

1897 

410,000 

19091 

439,214 

19102 

342,039 


for such extreme eases of depopulation, 
but the lack of the means of subsistence 
was undoubtedly one of the most impor- 
tant factors. 

In dealing with a subject like the pres- 
ent one, the use of statistical figures is 
almost unavoidable. As the Chinese gov- 
ernment has never been able to engage 
itself in the peaceful undertaking of col- 
lecting complete and reliable statistics of 
its agriculture, it would be vain effort 
for the author to pretend the absolute 
accuracy of whatever figures he might 
use in connection with this article. But 
since we can not wait until the govern- 
ment can give us more accurate data and 
since nobody can do better at present 

1 Customs Office. 

* Ministry of Interior. 


than deal with rough estimates, the 
writer can be excused for presenting this 
paper. Of course he will exercise the 
greatest care and discretion in adopting 
the figures. In case of doubtfulness he 
will frankly say so. 

In China, as in most other countries, 
by far the most important food article 
consists of the cereals. In the following 
table will be given the production of rice 
for the five years 1914 to 1918, during 
which period comparatively more com- 
plete reports were secured from the 
provinces by the central government. 


Year 

Production, 1,000 ' 

1914 

2,133,483 

1915 

. . .. 2,091,956 

1916 

538,8534 

1917 

. . 526,6414 

1918 

. . 302,2974 


The first two figures are supposed to 
be complete, but the last three, while gen- 
erally cited as representing the total pro- 
duction of rice in China by those who 
are interested in Chinese agriculture, in- 
cluding the United States Bureau of 
Agricultural Kconomics,® are short of the 
amount of six or seven provinces which 
did not report to the Peking government. 
Assuming the average rice production of 
(fiiina in a normal year to be eciual to the 
average of the amounts of 1914 and 1915, 
or 2,124,719,000 tan, we can form an idea 
of the approximate number of people 
who may be fed on rice. We will as- 
sume that an average person requires 
about three tan of cleaned rice to carry 
I dm through one year, and that two tan 
of rough rice or paddy are needed for 
making each "‘taiU' of cleaned rice, and 
that the rice as reported by the govern- 
ment means rough rice throughout. 
We will assume, further, that it takes 

3 1 tan = 3.Pt Lashels. 

4 Incomplete total. 

8 Foreign Crops and Markets,^' U. S. D. A. 
Vol. 6, No. 22. 
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roughly 10,000,000 of rough rice 

as the necessary seeds to start the next 
crop of 492,680,000 ‘‘mou,**® which is 
the average of the acreages of 1914 and 
1915. Then rice alone will be sufficient 
to take care of about 352 millions of 
people. 

The area and production of wheat are 
given by the Ministry of Agriculture and 
Commerce as follows ; 


Year 

Area, 1,000 ^ ^ mou * * 

Production, 
1,000* Han 

1914 

277,298 

265,853 

1915 

266,299 

247,106 

1916 

404,9207 

360,1127 

19177 

366,795 

216,250 

19187 

571,799 

356,748 


The totals for the last three years do 
not contain the amount of all the prov- 
inces. But oddly enough, both the area 
and production are considerably larger 
than that of the preceding years. The 
production may vary widely from year 
to year, but it can hardly be believed 
that the area under wheat in the prov- 
inces which reported increased so fast as 
more than to cover the loss of the area 
caused by the withdrawal of several 
provinces which produce considerable 
quantities of this crop. It may be sup- 
posed, however, that in the first few een- 
suses the government did not discover 
all the wheat area of all the provinces, 
and that in later years the officials were 
better able to require the provinces re- 
porting to report more completely. But 
for our purpose it seems wise to take the 
average production of 1914 and 1915, 
which is 256,479,000 tan. After the 
necessary amount is deducted from the 
total for seeds there remains about 236,- 
479,000 tan of wheat for the annual con- 
sumption as food. On the basis of three 
tan of wheat to each person a year, 
which is a little higher than the average 
per capita consumption of the Occi- 
dental people — an assumption justified 

« 1 ''Mou*' = 0.15 acre. 

7 Incomplete total. 


by the fact that the people in the West 
eat considerably larger amounts of other 
food besides wheat, the above quantity 
of wheat will be enough for approxi- 
mately 78,826,000 persons as a principal 
food article. 

Other important cereals are millet, 
about 335 million tan a year, and kao- 
liang, over 100 million tan per annum. 
Both of these grains are the principal 
food items of the people in Northern 
China. Besides these cereals China also 
produces large quantities of other crops 
which are not used primarily for human 
consumption as a staple food, such as 
corn, oats, barley, beans, peanuts, pota- 
toes, etc. Some incomplete statistics are 
given in the following table : 


Crops 

Units of 
measure 

1917 

Production 
(000 omitted) 
1918 

Com 

bushel 

97,230 

171,450 

Barley, oats 

it 

231,000 

223,950 

Beans 

1 1 

441,426 

527,787 

Peanuts 

i t 

81,447 

99,822 

Potatoes 

ton 

2,238 

4,384 


It appears that China has, besides 
plenty of cereals for human food, 
enough grain for feeds to produce enor- 
mous quantities of meat. Practically all 
her people can live on wheat and rice 
alone if both the statistics and the as- 
sumption for the per capita re^juirement 
of food are accepted. 

China is known as a country largely 
of vegetarians. There is no large-scale 
animal husbandry in China as in the new 
countries. Neither are there many farms 
solely or even primarily devoted to the 
rearing of animals. Cattle, the most im- 
portant farm animal in the west, is kept 
in China primarily to furnish power for 
the farm rather than for the purpose of 
producing meat or milk. Many or most 
of the Chinese people do not eat cattle 
meat, largely because of superstition 
perhaps based on a real mercy to the 
poor, hard-working beast. Sometimes 
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the government officials even forbid, by 
heavy fines and bodily punishments, the 
slaughtering of cattle. Cow milk is very 
rare throughout the country. So there 
is no meat or dairy type of cattle in 
China. On the other hand, swine are 
raised almost everywhere, on the farms 
and even in the villages and towns. 
Poultry are universally kept by farmers 
and even by urban people. In South 
China where rice fields are common and 
water is abundant it is the rule for farm- 
ers to keep ducks. The sheep is a com- 
mon animal in the north and goats in 
the south. In the mountainous regions 
herds of hundreds of sheep or goats are 
not infrequently met. With this general 
impression in mind we may go on to the 
government statistics of farm animals. 

Number of Farm Animals, Egos and Number 
OP Animate Slaughtered in China 


Number iu thousands 


Farm Animals: 

1914 

1915 

Horses ... 

4,934 

4,744 

Cattle 

21,997 

22,886 

Asses 

4,394 

5,140 

Sheep and goata ... . 

22,180 

23,905 

Swine .. — 

76,819 

60,246 


19178 

19188 

Poultry «... 

278,706 

149,649 

Ducks - 

65,137 

52,249 

Qecso ...- - 

10,411 

5,795 

Eggs: 



Hon ... - - 

5,144,359 

4,489,703 

Duck - - 

1,842,802 

1,035,194 

Qooso ... - ... ~ . 

246,161 

133,268 

Animals slaughtered: 

19178 

19188 

Cattle ... 

692 

441 

Sheep and goats. — .. 

3,644 

3,269 

Swine — 

14,661 

12,766 


The number of farms is given by the 
Ministry of Agriculture and Commerce 
ais 59,402,315 for 1914, and 46,776,250 
for 1915. The ratio of farm animals to 
the number of farms seems to agree with 
our general impression. But it can 
hardly be believed that the figures for 
poultry and eggs are obtained by taking 

s Incomplete total. 


a real census of them, as such an under- 
taking would be impossible under the 
present condition in China. The num- 
ber of animals slaughtered is probably 
more nearly accurate because the butch- 
ery of animals is reported and taxed. 

We may now attempt to find out the 
per capita consumption of meat in 
China. Unfortunately the statistics of 
meat produced are not complete. The 
report for 1917 was incomplete by four 
provinces, the amount of meat for the 
rest of the country being about 1,549 
million catties or about 2,014 million 
lbs.; that for 1918 did not include six 
provinces and the amount of meat for 
the rest of the country was 1,096 million 
catties or about 1,424 million lbs. The 
population for the provinces that re- 
ported in 1917 and for those reporting 
in 1918 was, respectively, 344 and 279 
millions (according to 1919 post-office 
estimates). Therefore the per capita 
consumption of beef, mutton and pork 
together was from five to six pounds, 
which is exceedingly low as compared 
with the Western standards. It must be 
remembered, however, that the total con- 
sumption of meat must be considerably 
more than the above figures would show 
because, in the first place, both the 
weight and number of animals slaugh- 
tered were probably underreported on 
account of the meat taxes, and in the 
second place, the meat from such sources 
as poultry, fish and game is not included 
in the total, and lastly, the provinces 
omitted in the report probably consume 
more meat per capita than the rest of the 
country taken together. 

From the above discussion and the 
personal observation of the writer, it 
seems safe to say that China produces in 
normal years just about enough food to 
feed her people fairly well and that she 
has as much meat as is absolutely neces- 
sary for a normal living, although not 
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plenty of it. In a bad year she is bound 
to have a really hard time. As the eco- 
nomic status of the people is quite un- 
equal it is needless to say that even in 
years of abundance some of the poor are 
only barely fed, while the wealthy lived 
lavishly even in the worst seasons. And 
as the country is so large, and the means 
of transportation so primitive it is very 
reasonable to expect that local famines 
occur practically every year and that 
there are always people starving or 
struggling for the barest living. In more 
recent years with the gradual industrial- 
ization of China and the rising standard 
of living in some sections and among 
some people, the demand for rice and 
wheat has become greater and greater 
every year, while on the other hand the 
production of them has probably been 
decreasing. Consequently, foreign cere- 
als, particularly rice, are being poured 
in more and more every year. The aver- 
age annual value of foo^tuffs imported 
to China in the five years 1913-1918 was 
more than one hundred million taels of 
silver. The imports of rice, wheat and 
flour for 1921 and 1922 are as follows: 

1921 1922 

Quantity Value 


1,000 

piculs® 

1,000 



taels 

Quantity 

Value 

Rice and 




paddy . 10,629 

41,221 

19,156 

79,875 

Wheat ...... . 81 

302 

873 

3,058 

Flour 753 

3,504 

3,601 

16,740 


The amounts are indeed insignificant 
as compared with the food imports of 
the United Kingdom. But it must be 
borne in mind that China is supposed to 
be an agricultural nation and to supply 
food to the world. It is certainly sur- 
prising to find that she is importing both 
manufactured products and foodstuffs, 
and that her food imports constitute 

0 1 picul is about 133 lbs. 1 tarl is about 581 
graiiiR. 


about 20 per cent, of the total imports 
of the country. 

Sad as the present situation may ap- 
pear, there is no need for a pessimistic 
view of the future if the human factor 
is to conquer and to make use of its en- 
vironment. There is a Chinese proverb 
which describes the condition in China 
exceedingly well and which may be ex- 
pressed in the following English words: 
“Crying for hunger with jewels in 
hands. ’ ’ China is hungry, but she is not 
poor, because she has “jewels” in her 
hands. As soon as her “jewels” are 
properly utilized she will have no worry 
for food. Anybody who has any knowl- 
edge of geography should know the un- 
limited natural resources of China. She 
has the most fertile soils and the most 
favorable climates that the Creator can 
give to the world. A glance at the map 
of China will show that only about one 
third of the land is settled and culti- 
vated, the other two thirds being yet 
unexplored. Of course the richest parts 
of China exist very largely in the well- 
settled one third of the area, but Man- 
churia, “the land of opportunities,” as 
the Japanese call it, is as rich as any 
region of the country. Even in Mon- 
golia, Tibet and Sinkiang extensive fer- 
tile tracts of land are reported by indi- 
vidual explorers as well as by govern- 
ment officials. Although nobody knows 
the exact or even approximate reclaim- 
able area in such vast and untouched 
territories, the government has secured 
some figures upon which we may make 
some estimates. A recent report of the 
Ministry of Agriculture and Commerce 
gives the uncultivated cultivable land 
area as follows : in the interior 18 prov- 
inces, 125,065,000 mou; in the eastern 
three provinces (Manchuria), 788,162,- 
000 mou; in Sinkiang (Chinese Turkes- 
tan), 7,594,000 mou ; in the three special 
districts — Jehol, Sueiyuang and Tsahar, 
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4,425,000 mou ; or a total, not including 
Mongolia and Tibet, of 1,125,246,000 
mou. By no means does this figure in- 
clude all the reclaimable areas in those 
regions; at best it contains only those 
that have been discovered and recorded 
by the government. The best illustration 
for this inference is given by the prov- 
ince of Sinkiang, which has a total area 
of over 550,000 square miles or about 
2,310 million mou, but which has a re- 
ported reclaimable area of only 4 mil- 
lion mou. 

The reclaimable land in Mongolia is 
not reported by the Ministry of Agri- 
culture and Commerce; not even the 
total area is accurately known. How- 
ever, just about a year ago the ministry 
sent out a few men to Mongolia to in- 
vestigate the conditions of reclamation 
over that region, and the report of the 
investigation appeared in a recent issue 
of the journal of the ministry. We 
found that these men, after about a 
month’s expedition, probably on horse- 
back in that vast territory, made an esti- 
mate — a wild and pure guess — of the 
reclaimable land area at the large round 
number of about one million mou.” 
These people also calculated that Mon- 
golia can support 160,000,000 persons 
with the average standard of living pre- 
vailing in China. Their estimate not 
only is based on an unreliable assump- 
tion of the proportion of cultivable land 
but also involves an erroneous element 
in the calculation of the total area. A 
similar guess was made by the Chinese 
Bureau of Economic Information which 
stated in the Chinese Economic Monthly 
(October, 1923, p. 10) that “presuming 
that half of this area (outtir Mongolia) 
is suitable for agriculture, we have 500,- 
000 square miles or 32,000,000 (really 

320.000. 000) acres or 192,000,000 (really 

1.920.000. 000, or still more accurately 
2,107,500,000) mou of arable land . . .” 
Such guesses may hit the actual fact, but 


we can never trust them because they 
have absolutely no scientific back- 
ground. 

The writer would put himself in the 
same situation that he has been criticiz- 
ing if he were to make guesses, whether 
more conservative or less so. It is not 
only futile but misleading for anybody 
to attempt an estimate of the cultivable 
area in Mongolia or Tibet, even though 
he use million or billion as the unit, be- 
cause nobody can claim that he has any 
genuine idea of the proportion of land 
that can be turned to agricultural uses. 
It means a lack of the sense of responsi- 
bility to make guesses purely from im- 
agination. The writer, therefore, instead 
of making any estimate himself, will 
merely try to present the situation to the 
reader, using comparatively more reli- 
able data so far as obtainable and mak- 
ing a few necessary suggestions. He will 
approach the problem from a diflPerent 
end — the amount of cultivated land — 
concerning which figures arc relatively 
mure trustworthy. 

The more complete statistics of culti- 
vated land (field and garden) were those 
secured in the years 1914 and 1915. For 
1914 the total given, excluding Outer 
Mongolia, Tibet, Kweichow province and 
the special district of Suciyuang, was 
1,578 million mou; for 1915 the total 
excluded Outer Mongolia, Tibet, Yun- 
nan province, and Suciyuang, and was 
1,442 million mou. Tlie total cultivated 
area in Yunnan was given in one year 
as 11,497,000 mou; that of Kweichow, 

1.471.000 mou; that of Suciyuang, 

5.208.000 mou. The area under cultiva- 
tion in Mongolia was given as 300,000 
mou by the Chinese Bureau of Economic 
Information.'® As to how much land is 
cultivated in Tibet nobody dares to say. 
However, it is believed that the amount 
must be insignificantly small. It seems 

10 Chinese Economic Monthly ^ October, 1923, 

p. 10. 
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safe to say, in view of these facts, that 
the land area cultivated in all China 
must not be very far from 1,600 million 
mou. 

Now the total area of all China is esti- 
mated at about 4,277,000 square miles, 
which is roughly equal to 18 billion 
mou. It means, then, that only about 9 
per cent, of the total area of all China 
is cultivated land. If we disregard the 
territories of Mongolia, Tibet and Sin- 
kiang and consider only the 18 provinces 
and Manchuria we would have a much 
larger proportion of cultivated area, or 
about 19 per cent, of the total surface. 
In order to know better the significance 
of these proportions the writer will com- 
pare them with similar figures of a num- 
ber of other countries in the following; 

Percentage of 
cultivated land 

Country Year of total area 


China, all 1914-15 9 

* ^ 18 provinces and 

Manchuria only ** 19 

United States 1910 15 

Canada 1901 0.8 

Argentina - 1900-10 6 

Belgium - 1895 49 

Denmark 1907 60 

Italy ... 1911 48 

Britain .. 1911 26 

British India 1910-11 43 


These figures do not seem to show that 
China is such an old country. However, 
it must be pointed out that the cultivated 
area includes fallows and artiheial 
grasslands and that China has probably 
a smaller proportion of such lands than 
the western countries. But this differ- 
ence will not affect the results very mate- 
rially. Is China, then, a naturally poor 
land that can not even ultimately bo 
extensively cultivated? Our impression 
is that it is far from being such. Our 
observation leads us to believe that it is 
probably not far more barren than 
either America or Europe. Wo are 
forced to believe that China is still a new 


country agriculturally which offers im- 
mense opportunities for agricultural ex- 
pansion. This is about as far as the 
writer can safely go. He will let the 
reader form his own opinion with regard 
to the exact or probable limit to which 
agriculture may be extended in China. 
To tell him how many acres or mou can 
be put under rice, how many under 
wheat or millet or beans or how many 
can be used as vegetable gardens or door- 
yards would merely lead him to pure 
fancy. 

Yet the writer does not feel that he 
is running a very dangerous risk in say- 
ing that the food supply of China can 
easily be doubled by opening up the vir- 
gin soils and by introducing scientific 
knowledge and practice to Chinese agri- 
culture. Rice may be grown in some of 
the new regions, since its growing has 
already made remarkable success in 
Manchuria. Wheat, millet, kaoliang and 
other kinds of cereals will find the best 
type of soil and the most favorable cli- 
mate in most parts of those territories. 
There also exist some of the world’s best 
p.astures and ranches. With the intro- 
duction of productive farm animals into 
those sections we may look forward to 
the day when packing plants such as are 
now found in Chicago will be established 
somewhere north of Peking, and when 
Chinese butter and cheese will be also 
produced in such plants. 

But, although any addition of the 
amount of food equal to that required 
for four hundred million people to the 
world ’s stock is a very material gain, we 
must not suppose that China will have 
very large quantities of surplus staple 
food for the rest of the world. As the 
standard of living in China is rather 
low, and as reclamation must neces- 
sarily be a slow process and can only be 
pushed forth by the pressure of popu- 
lation and dear food, the increased out- 
put of food will be used largely for rais- 
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ing the standard of life of her own peo- 
ple and for feeding her own growing 
population. Her agricultural exports, 
while they may increase, will be largely 
confined to certain special products such 
as beans, vegetable oils, etc., unless the 
government can adopt very effective 
measures to promote agriculture and to 
reclaim the new lands. However, even 
if China will not export any foodstuffs 
at all, she will have fulfilled her duty, 
provided she can feed her own sons well, 
since she will then be supporting one 
fourth of the people of the world with 
only one thirteenth of the land surface. 

China's food imports may continue to 
increase, but China will be able to pay 
for them, because she is one of the great- 


est nations on earth to-day whose natural 
resources other than the surface soil 
have not been touched. She is rich in 
minerals and coal and has plenty of 
water power and human energy. When 
the rest of the world has been exhausted 
in everything, it will be the time when 
China will turn her “jewels" into use. 
Then if she does not care to produce as 
much food as she will need and if other 
parts of the world can produce a sur- 
plus, China will buy food, paying with 
her minerals and manufactured prod- 
ucts. So, although China is not very 
well fed at the present time, she has no 
more need to grieve for her future food 
supply than any of the richest countries 
in the world. 



AN ENGINEER'S VIEWPOINT 

By Professor SUMNER BOYER ELY 
CAKNEGIE INSTITUTE OP TECHNOLOGY 


Some twenty or twenty-five years ago 
we were headed straight for the millen- 
nium. A strong optimism seemed to 
pervade all thought. After centuries 
and centuries of groping man had come 
at last to possess sufficient scientific 
knowledge to utilize nature’s forces for 
his own benefit, and from this starting 
point civilization would go on and up in 
one unbroken line of progress. Every 
new discovery, every new invention was 
to help the human race along toward a 
condition where men would live in peace 
and harmony and where they could en- 
joy the kindly fruits of the earth with 
only as much labor as was good for them. 
Wliat was to happen after this delightful 
state was reached was not very clear; 
presumably progress would then cease 
and wo would live happily ever after- 
wards. 

To-day a decidedly pessimistic note 
has come into man ’s thinking. To realize 
this we need only observe the titles of 
such books as: ‘‘The Decline of Western 
Civilization,” “The Revolutions of Civi- 
lization,” “Mankind at the Crossroads,” 
etc. We have always believed this to be 
a changing world, but it is only within 
the last few years that we seem to have 
applied the facts of history to ourselves 
and to think that our civilization may be 
going through a cycle. Our civilization, 
which we had supposed so stable and be- 
lieved nothing could overthrow, is now 
thought by many to exhibit tendencies 
and changes that will ultimately lead to 
its collapse. History seems to show that 
a civilization, like a man, goes through a 
period of growth, decay and death, and 


that new civilizations rise out of the 
ashejs of the old. Some of the culture 
and learning of these old civilizations 
have been lost ; much has been preserved 
in one way or other. 

It is difficult to say what brought 
about this change in thought. One of 
the factors appears to be our more com- 
plete knowledge of the dates and history 
of ancient Egyptian and other archeolog- 
ical remains. Furthermore, no one can 
look at the wonderful sculptures and re- 
mains of ancient Greece, and then at the 
crude work and drawings that appeared 
during the early middle ages, and then 
again at the sculptures, cathedrals and 
pictures that were produced in the four- 
teenth and following centuries, and not 
believe that a cycle of some sort — a wave 
in civilization — had taken place ; at least 
in the field of art. And now, in the last 
twenty-five years our records have be- 
come so complete that Flinders Petrie 
has been able to trace back some ten 
thousand years and distinguish eight 
such rises and falls. These different civi- 
lizations he has plotted in a curve, show- 
ing the high and low points in a series of 
waves, one succeeding the other in quite 
regular order. Some of the wave peaks 
arc higher than others, for art in some 
of the older civilizations Avas better than 
in some of the newer ones. It would 
naturally be supposed, however, if we 
could go back far enough into the past, 
we would find that there had been a 
gradual increase in the average wave 
height. 

History also shows that the way in 
which civilizations grow and develop is 
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much the same in each case. Art ap- 
pears to reach a high point before learn- 
ing, wealth or prosperity develop. Our 
own civilization, which started, perhaps, 
three or four centuries after the birth of 
Christ, produced its great cathedral 
architecture about the thirteenth cen- 
tury, while it was one hundred and fifty 
or two hundred years later before Michel- 
angelo, Raphael and other great artists 
appeared; and still another hundred and 
fifty or two hundred years before litera- 
ture culminated in Shakespeare; and 
then our scientific knowledge began to 
develop, while the accumulation of 
wealth and mechanical invention came 
last. 

This same order of development is 
shown in all the older civilizations. For 
example: the Greek and Roman, which 
was all one civilization, started in Greece, 
where architecture, art and literature 
reached their high point. This culture 
was transmitted, without a break, di- 
rectly to Rome; after which we find a 
spread of learning and then a great accu- 
mulation of wealth and power. 

It is perhaps a little disturbing to 
think that if history is to repeat itself, 
it would seem that our present civiliza- 
tion has already produced its great 
artists and that there will be no more 
really great ones. Certainly some of the 
futurists and ultra-moderns of to-day 
give us reason to stop and ponder over 
this. 

Civilizations appear to disintegrate 
from an internal wearing out, rather 
than from any outside cause. A people 
by the accumulation of wealth and com- 
forts become soft and indolent, and are 
then either overrun by inferior races or 
simply degenerate into an inferior race 
themselves. As to the cause of this de- 
cline, there are many theories. The 
biologist tries to explain it by saying 
that as economic pressure becomes more 
and more severe, the families of the bet- 


ter classes become smaller and smaller 
until finally only a lower grade of intelli- 
gence is left. 

No entirely satisfactory explanation 
of the fall of civilizations has yet been 
advanced and perhaps this of the biolo- 
gist is the best we have at the moment. 
The basis of this theory is, of course, 
heredity; and means that a civilization 
might endure, if there were a radical 
change in man^s character. Eugenics 
might do this ; or possibly some chemical 
or physical mctliod of embryonic control 
may be discovered later that will allow 
man to produce Nietzsche’s overman, 
Bernard Shaw’s superman or any other 
kind of man desired. Such knowledge, 
however, might be equivalent to giving 
mankind a stick of dynamite with which 
to exterminate himself. This of course 
is mere speculation and at best is so far 
in the future that it will be better to con- 
sider the question of the fall of civiliza- 
tion from a much more tangible and 
practical standpoint. 

In what has been said the term “civi- 
lization ’ ’ has not been defined ; and prob- 
ably a perfectly satisfactory definition 
could not be given; but every one will 
generally understand what is meant. 
However, so far as our purpose is con- 
cerned, definitions are unimportant ; and 
further, it is unimportant whether the 
detail of development suggested above 
be accepted or not. The whole point 
simply is that we must all agree that 
many civilizations have existed in the 
past and that culture does not follow a 
continuously progressive evolution. 

Now the question is: “Will our civi- 
lization go the way of the others or does 
it possess any new quality that might 
make it endure? Is there anything in 
our civilization which all the others 
lacked? Yes, there certainly is.“ 

In the past, certain events must have 
affected mankind profoundly. When 
man discovered how to kindle a fire, it 
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must have opened new possibilities in his 
whole method of living. It allowed him 
to live in cold countries and to greatly 
enlarge his diet. Another such event 
was the domestication of certain animals. 
These things are prehistoric, but a simi- 
lar happening has taken place almost 
under our own eyes and yet most people 
do not appreciate its full significance. 

It is a very strange thing that in all 
the ages that man has existed on this 
planet, it is only about one hundred and 
fifty years ago that he discovered how 
to machine a flat surface and a cylin- 
drical one. In other words, machine 
tools had their birth. The ancient world 
possessed a few crude grinding mill- 
stones driven by a rough kind of water 
wheel, but no machines actuating cutting 
tools. This may have been due possibly 
to metallurgical inferiority; but what- 
ever the cause was, it remained for the 
later part of the eighteenth century to 
see the development of machine-driven 
tools. 

The possession of two master tools, the 
lathe and the planer, has made it pos- 
sible to build upon these as a basis the 
great superstructure of automatic ma- 
<Ainery that we possess to-day. Great 
difficulty must have been encountered in 
making the first machines, for every sur- 
face, screw thread and spindle had first 
to be formed by hand. However, by 
building each new machine with the aid 
of the last, a reasonable degree of accu- 
racy was finally obtained. In reading 
the history of the early steam engine, one 
is impressed with the difficulty Watt had 
in getting accurate machine work. In 
contrast to this, think of the great quan- 
tity of inexpensive, yet accurately made 
articles we have to-day — eyeglass lenses, 
to name only one example. 

Before the days of machine tools, such 
a simple thing as drilling a hole correctly 
through a metal plate required a high de- 
gree of skill. The position of the hole must 


be carefully laid out, the drill must be so 
formed as to make a hole that will be 
truly round and not oval, and the drill 
must be guided through the plate at the 
proper angle; all of which required a 
practiced and highly skilled mechanic. 
How do wo do this to-day t Simply 
make what is known as a machine jig, 
consisting of a steel plate the size of the 
plate to be drilled, in which has bemi 
fixed a steel bushing in the exact position 
for drilling the hole. This jig is given 
to a boy, who has only to clmnp it over 
the plate to be drilled, put it in a ma- 
chine and run the ^11 through the 
bushing. And now it is as hard for the 
boy to get it wrong as it was for the 
skilled man to get it right. 

This is technically known as the trans- 
ference of skiU. The skill of the man 
has been transferred into the machine. 
In certain machines there is a transfer- 
ence of thought as well as skilL For ex- 
ample, to operate a pianola requires 
neither skill nor thought. In the shoe 
manufacturing industry to-day there is 
not a man who could make a pair of 
shoes. Pieces of leather are dropped 
into various machines and afterwards 
placed together and put into other ma- 
chines until finally a finished shoe is pro- 
duced. The shoemaker has become 
merely a machine tender. 

The consequence of all this has been 
to change society from top to bottom. 
When textile machinery was first intro- 
duced by Jenney, Arkwright and others, 
it degraded labor, for the skilled work- 
man who had learned this particular 
trade found himself replaced by un- 
billed labor and unable to earn his cus- 
tomary wages. Generally speaking, the 
introduction of machinery causes suffer- 
ing, until labor adjusts itself to the new 
conditions and this often means a new 
generation of workmen before the ad- 
justment is complete. It is true that we 
still need a few skilled workmen to make 
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the necessary jij^s, dies and special tools, 
but they are very lew, comparatively. 
However, while la])or-sa\ing machinery 
may at lirst dejijrade labor, it eventually 
produce's {i:oods in such abundance and 
so cheai)ly that all classes, includinj*: the 
laborer, share in the benefit. Never in 
history liave wealth and comfort been so 
widespread and enjoyed by so man^ dif- 
ferent classes of men. 

A workman used to own his tools, but 
to-day these have become so (‘laborate 
and cx])ensive that p;rcat corporations 
have taken tliem over and this has 
clmiiji^ed the old-time relation of em- 
ployer and employee. The personal con- 
tact is ^fone, men are treated in a difier- 
eiit way; orfmnizntiou, systematization, 
standardization are everywhere. JMatc*- 
rial advancement has come so fast that 
we have? not had time to adjust ourselves 
to the new coiiditions, and this is un- 
doubtedly the real cause? of our labor dif- 
ficulties. flust as the e*n^iimer broiu»ht 
about this inelustrial aj?e, there is nenv 
some reason to believe he may brinji: the 
solutiem for its attendant troubles. It is 
a ve'ry sij»:niiicant fact that e*ach year 
there are me) re and more technically 
trained jj:raduates j^oinp: into managerial 
pe)sitie)ns. In olhen* words, scientific 
knowledge and backj^round are be^in- 
iiinj? to be apf)lied to human engineering. 
In the last analysis the only real solution 
is e'ducation; education e)f be)tli laborer 
and cm plover. 

It may be ar^ied that mankind was 
happier before this industrial a«:e', with 
its railroads, its ^reat ste'amships, tede- 
fjjraphs, tedephone's and the re»st and that 
the tending of mae'hines make*s a we)rk- 
man into a mere automaton, deade'iiiiij? 
his faculties and killinj^ his ambition and 
inspiration. There are, of course, two 
sides to this question; but wfiiether it be 
true or not and whether we like it or not, 
the handwritin*^ on the wall says that 
industrialism has come to stay and to 
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increase. The si^ns read this way. The 
mechanical revolution not only made 
mass ])ro<luetion possible, but it allowed 
science to advance by leaps and lK)unds. 
The hij?h precision machine-made instru- 
ments have opened many closed doors of 
knowledjz:e. Think of the accurately 
ground lens, the ruliiifi: enjdne and ev'en 
surj2:ieal in.struments. 

The modern engineer, then, is the one 
thinji: in our civilization which no other 
civilization ever possessc'd. We differ 
from the past, in the wide s])read of 
knovvledf^e, the bindiiif^ toj?cth(*r of civ- 
iri7^?d peoples by railroads, telephones 
and telej?ra])hs, the ji:reater wealth in the 
world, the more uniform distribution of 
it, tbe much better condition of the wmrk- 
inj? classes and the other thinf?s that 
came with the industrial revolution. 

Is it possible that tlu'se new^ conditions 
can make our civiliztdion eiidure? The 
mere fact that wt have more material 
comforts does not m(*an that we are bet- 
ter or hap[)ier than men of past civiliza- 
tions. Th(‘ race does not reach hap])iness 
by mechanical or industrial progress. 
Man does not live by bread alone. He 
must ])ro^ress intelh'ctually and spmtu- 
ally as wi'll. When man ceases to strive 
he ‘jcoes backward; and if security and 
plenty nu'an mental staj^nation, then 
surely industrialism will oidy inish him 
faster to tlu* end. Yet there are certain 
inlluenc(*s acting to day that must have 
a tendency to prolonji; at least the com- 
ing: of this end. 

( -ivilization can fall in only two ways. 
Hither civilized man must deteriorate 
and chan«>:e into uncivilized man or else 
he must be overrun and his culture 
stamped out. In the past, generally 
both of these have acted together; man 
first deteri(vr;ii inj? and then some stronj^, 
hardy race, often from the north, com- 
ing down and conquerint^ him. Some- 
times the comiuerors intermarried with 
the conquered and from this new infu- 



466 


THE SCIENTIFIC MONTHLY 


sion of blood another civilization has in 
time started to rise. 

The tendency of our age, due to rail- 
ways, telegraphs and modern means of 
communication, is to spread civilization 
into the uncivilized portions of the globe, 
and to make the culture of the whole 
world more homogeneous. With culture 
so widespread a general deterioration of 
all civilized peoples at the same time is 
much less likely than in the more circum- 
scribed communities of ancient times. 
The fact that cultured peoples are so 
scattered makes it difficult, too, to see 
how the oriental, for instance, could 
overrun and stamp out all western civ- 
ilization. He might overrun part of the 
world, but western civiliziition covers a 
very large area. Then, too, the oriental 
may become westernized enough to pre- 
vent this. At any rate, we may conclude 
that modern conditions have in them a 
quality which will, at least, tend to pro- 
long our present civilization and put 
further off that evil day when a general 
or partial deterioration may wreck or 
even destroy our culture. 

There is one aspect of this question 
that should not be overlooked. In order 
that our civilization may continue we 
must have metals with which to build 
machines and coal to furnish power. 

Metals have been produced and the 
arts of forging and tempering known 
since ancient times. An iron tool found 
in the pyramid of Kephron probably 
date.s from 8500 B.C. and Homer com- 
pares the hissing of tlie stake thrown by 
Ulysses to that of the steel which the 
smith quenches in water. The ancient 
world was able to extract wrought iron 
only, and it was not until the fourteenth 
century A.D. that large furnaces and 
stronger air blasts made it possible to 
cast iron ; somewhat as bronze had been 
cast long before. The small amount of 
iron ore that had been used before the 
advent of the modem blast furnace had 


made no impression whatever on the im- 
mense reserves contained in the earth; 
but now that modem metallurgy is de- 
manding such enormous quantities of 
ore, our mineral resources are being used 
up at an alarming rate. 

Coal, too, as well as iron ore, is neces- 
sary for our age. The industrial world 
of to-day is able to utilize but two sources 
of energy, viz,, water power and coal. 
Only about one fifth of the potential 
water power of the United Slates is at 
present developed; but even if it were 
all developed, it would not have carried 
the industrial load of the country during 
the year 1922 (for which the figures are 
available). Furthermore, estimates show 
that the industrial load of the United 
States is growing very rapidly. For in- 
stance, if the load curves of Pennsylva- 
nia, our greatest industrial state, arc 
projected into the future, the indications 
are that the power demand will have 
doubled by the year 1950. This means 
that as the industrial world becomes 
larger and larger we must depend upon 
coal almost entirely. 

The coal reserves of the world are 
fairly well known, and from some late 
estimates it would seem that a few hun- 
dred years will see the exhaustion of all 
our best coal. This means that indus- 
trial prosperity would reach its zenith at 
that lime and from then on there would 
be a gi’adual decline in industry. As 
some one has said, it is a fortunate thing 
for us that the industrial age did not 
begin in tlm time of Tutankhamen or to- 
day wo would be fighting among our- 
selves for the last few remaining heat 
units. 

As to other fuels, our natural gas and 
wood are pretty well gone already and 
our oil is following very fast. Such 
sources of energy as wind, wave, the 
sun’s radiation, the internal heat of the 
earth (if it exists), etc., can all be put 
in the same class. They have all been 
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tried and all proved unsuccessful. Tlie 
chief reason is that the power is too dif- 
fuse. For example, it would require an 
enormous platform riding on the waves 
to generate even a few horsepower. 
Great numbers of parabolic mirrors have 
been placed around a boiler to gather the 
sun's rays, but have been unable to raise 
steam, much if any, above atmospheric 
pressure. It is true that some power 
can be obtained from these sources, but 
to develop by their means the tremen- 
dous amount of power demanded by the 
industrial world is entirely out of the 
question. Whether science will later tell 
us how to utilize the energy that we be- 
lieve to be in the atom is doubtful to say 
the least. 

The application of scientific principles 
has been so rapid and we have seen such 


spectacular changes taking place in in- 
dustrial life that we have come to believe 
this development will continue and that 
sooner or later some one will stumble on 
some great source of energy other than 
coal. We are like Micawber, waiting for 
something to turn up. A much more 
logical attitude would be one of trying 
to conserve our resources. Future gen- 
erations may regard the way this genera- 
tion wasted natural resources as little 
short of a crime. Considerations of this 
kind, however, generally conclude with 
the question, “What has posterity ever 
done for us?“ 

The exhaustion of our natural re- 
sources has a very important bearing on 
the duration of our industrial civiliza- 
tion and may limit it and even bring it 
to an end. 



THE SCIENTIFIC MEN OF THE WORLD 

By J. McKEEN CATTELL 


There has for a loiif? time been 
planned a study of the scientific men of 
the world on tlie lines of the statistical 
work on American men of science. In- 
ternational directories in the several 
sciences were taken up, those in psychol- 
o^y and zoolof^ having been partly 
prepared, the latter in eooiieration with 
Professor T. T). A. Cockerell. In con- 
nection with the third edition of the 
Biographical Directory of American 
Men of Science it was proposed to select 
by objective methods the thousand lead- 
ing scientific men of the world. With 
such a list it would be possible to deter- 
mine among other things the value of 
the contributions of each country to 
each science, both in quantity of work 
accomplished and in fundamental 
advances. 

In order to obtain preliminary data I 
wrote in June, 1914, to the scientific 
academies of different countries asking 
for their membership lists. These Avere 
mailed from most of the German and 
other academies after war had begun 
It was obviously impossible to continue 
the w^ork at that time; it was indeed 
necessary to postpone the preparation of 
the third edition of American Men of 
Science. We have scarcely ycit reached 
a situation where international coopera- 
tion and unprejudiced judgments are 
feasible ; but the methods used enable us 
to measure validity of judgments and 
prejudice, so that the stu<ly might at the 
present time be of special interest from 
that point of view. We could, for exam- 
j)le, measure the normal distortion of 
judgment through nationality, its exces- 
sive manifestation during war and its 
subsequent waning. 

In connection with the study begun 
some ycai*s ago I counted up the scien 


tific men of different countries in 
‘‘Wlio’s Who in Science, edited by 

H. H. Stephenson and published in 
England by Churchill. There has been 
no edition of the book since 1914, and 
the figures just before the war are no 
longer valid, but they have sufficient 
interest to warrant their publication, 
more especially in view of the recent 
widely quoted remark by Secretary 
Hoover to the effect that the United 
States is behind most European coun 
tries in its contributions to pure science 
and the statement of the National 
Research Endowment of the National 
Academy of Sciences to the effect that 
‘^the United States, which already occu- 
pies a leading position in industrial 
researches, should rank with the most 
enlightened nations in the advancement 
of pure science.’^ 

The scientific men whose biographies 
are included in Who’s Who in 
Science” and whose numbers are givem 
in the table were probably selected some- 
what at random, those of Great Britain 
and its colonial empire being the mo.st 
completely represented and the United 
States coming next. Perhaps 800 from 
Great Britain and 1,200 from the United 
States would be a fairer basis for com- 
parison with other countries than the 

I, 729 given from the former and the 
1,845 from the latter. In that case 
Germany would be in the lead. The 
numbers from the non-Englisli speaking 
nations may be regarded as comparable, 
though they doubtless vary with the 
sources of information. 

If we take the figures as they stand, 
the United States, Great Britain and 
Germany were in 1914 far in advance 
of other nations in the numbers of their 
scientific men. Prance had 504, as com- 
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The Distribution of Scientific Men according to Who’s Who in Science,” 1914 
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pared with 1,J^34 from Germany; tlie 
then Austria-Hungary with 467 was 
nearly eipial to Franco; Italy had 246. 
There then follow Switzerland witli 215, 
Norway with 170 and Holland with 159. 
Sweden has 124 and Denmark 97. 

According to the figures in the table 
referring to the several sciences, tlic 
United States stands higher in the so- 
called pure sciences than in medicine 
and engine(*ring. We indeed stand first 
in all the natural and exact sciences 
except chemistry (largely an applied 
science) and geogT*aphy. It is naturally 
gratifying to the present writer that 
psychology is the science in Avhich we 
arc most decidedly in the lead. We have 
95 of the world’s leading psychologists 
as compared with 30 in Great Britain, 
37 in Germany and 12 in France. 
Geography is the science in which we 
are most deficient, 18 geographers being 
attributed to the United States, as com- 


pared with 44 to Germany and 42 to 
(treat Britain. After psychology wo 
are strongest in zoology, botany, agricul- 
tun* and geology. This is what 1 guessed 
in a preceding discussion^ of the subject, 
but I then added astronomy to psychol- 
ogy, zoology, botany and geology as the 
.subjects in whi(?h we were probably in 
the van. The sciences in which we make 
relatively the poorest sliowing in the 
table, aiiart from the applied sciences 
and geography, are anatomy and astron- 
omy. The dift'erences in the percentages 
for the difierent sciences are, however, 
not large and would probably fall within 
the probable errors of sampling if these 
could be del(‘rmined. 

The figures in the table relate to a 
period preceding 1914. They do not 
have great validity even for that time, 
and the years that have since elapsed 

1 * * Scientific Research in the United States, ’ ’ 
Science, February 12, 1920. 
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have been significant for international 
changes. The edition of American Men 
of Science published in 1910 contains 
about 5,500 biographies of those who are 
supposed to have made contributions to 
science, the edition now in course of 
preparation will contain in the neighbor- 
hood of 15,000. The increase may to 
some extent be due to more complete 
representation, but in the main it mea- 
sures the increase in the number of 
scientific workers. They have probably 
about doubled since the data were com- 
piled for “Who’s Who in Science.’’ 
The increase has been much less else- 
where ; indeed there may have been none 
in some nations, such as France and 
Italy. With the possible exception of 
Germany the United States is now far 
in advance of every other nation in the 
number of its scientific men and in the 
number of its contributions to science. 

It docs not follow that the number of 
great men of science and the significant 
contributions are proportional to the 
total number of workers and the total 
amount of publication, although this is 
perhaps the most probable situation if 
there is no information to the contrary. 
It seems that England and ancient 
Greece have produced more than their 
share of the greatest men and this was 
indeed found to be the case in my study 
of the eminent men in the world’s his- 
tory.* It may be that at the present 
time Holland with 12 physicists attrib- 
uted to it is making more important 
contributions to that science than the 
United States with 131. In psychology, 
which is the only subject on which I can 
speak with adequate information, we 
appear to lead in importance as well as 
in quantity of work. 

In the last two columns of the table 
are given the numbers of scientific men 
in proportion to the populations of the 

Statistical Study of Eminent Men,” 
The Popular Soienoe Monthly, February, 1903. 


different countries. The first column 
gives the numbers per million in 1860, 
which was about the average time at 
which they were bom; the second col- 
umn gives the numbers in relation to the 
present populations. In Prance, with a 
nearly stationary population, the figures 
in the two columns are of course nearly 
the same. In the United States and the 
British Dominions, with rapidly increas- 
ing populations, the proportion is much 
smaller in relation to the existing popu- 
lation than to the birth rate. For a 
given stock and civilization, if scientific 
productivity were wholly due to the 
innate constitution of the individual, the 
numbers should be proportional to the 
population at the time of their birth ; if 
wholly due to opportunity it should be 
proportional to the existing population. 
An adequate study might contribute 
toward the solution of this problem. 

Taking cither the one figure or the 
other in the table, it is obvious that while 
in total productivity we may surpass 
every other nation, this is far from being 
the case in proportion to our population. 
This situation is still less creditable to 
us when wealth and opportunities for 
higher education are taken into con- 
sideration. It should, however, be noted 
that the lower figures can be attributed 
in part to the large Negro and immi- 
grant populations and to an unproduc- 
tive South. Our scientific men appear 
now to be increasing about four times as 
rapidly as the population, and the fig- 
ures in the table have for this and other 
reasons (including redistribution of 
populations after the war) only a limited 
application. When allowance is made 
for disturbing factors, the number of 
scientific men of standing in proportion 
to the present population appears to be 
nearly the same in the United States, 
Great Britain and Germany, about half 
as large in France and a quarter as large 
in Italy. Norway and Switzerland have 
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by far the largest proportion, followed 
among the smaller nations by Denmark. 
Holland and Sweden. I should have ex- 
pected Holland to stand first, and it 
may, for the figui^es collected from the 
book have inconsiderable validity. 

The greater relative productivity of 
the smaller cultural nations in science — 
the same situation probably holding in 
literature and in art — is a matter of con- 
siderable interest. It goes back to the 
Greek democracies and to the Italian 
states of the renaissance. In this coun- 
try we had a local development in Massa- 
chusetts and Connecticut, in wlucli, ac- 
cording to my statistics, the birth rate 
per million population of scientific men 
more highly selected than those on the 
international list was 109 and 87, re- 
spectively. If these figures are increased 
to make up for the number of scientific 
men given in the table, they become, 
respectively, 201 and 160, a much larger 
birth rate of scientific men than that of 
any foreign nation. It is probable that 
a similar situation now holds in Califor- 
nia and in parts of the central west. 


We apparently need regional cultiva- 
tion of special fields with a group and a 
community interest in the work. The 
situation is difficult for with the increas- 
ing complexity of science and in our ex- 
isting competitive system there must be 
support of research through taxation or 
gifts. But control from Washington, 
whether by the national government, or 
by a group of men who administer 
philanthropic funds, may do more to 
suppress research than to forward it, the 
rarer flowers of genius being particularly 
apt to wither when frost and sunlight 
are artificially controlled. 

We are so ignorant of the causes of 
scientific productivity that it is possible 
for Gallon to attribute it almost wholly 
to heredity in superior lines of descent, 
for Odin to claim that genius is in 
things, not in men. Yet it is a subject 
of fundamental importance both from 
the point of view of constructive science 
and for the applications of science to 
human welfare. The field is nearly un- 
tilled and for that very reason may 
prove to be fertile. 




— From Nature 
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The distinouisued Duti h mathematical physicist, who is visiting this roirNTsy to give 
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THE PROGRESS OF SCIENCE 


By Dr. Edwin E. Slokson 
Director of Science Service, Washington, V, C. 

TROPICAL WEALTH 


I HAVE just rocoived the reports of the 
British Association for the Advancement 
of Science and am much struck by the 
contrast between the parent association 
and the American Association for the 
Advancement of Science. In the British 
A.ssoeiation much more attention is given 
to the scientific aspects of the industrial 
and commercial development of the em- 
pire than is customary in the American 
Association. 

At the recent Oxford meeting the 
presidential address of the Section on 
(biography was given by the Honorable 
W. (^rmsby-Qore, Member of Parliament 
and Under-Secretary of State for the 
Colonies, who spoke on “The Economic 
Development of Tropical Africa and its 
Effect on the Native Population.’’ He 
began by calling attention to the fact 
that “four million square miles of Africa 
lie within the British Em])ire. In fact 
there is more of the British Empire in 
Africa than in any other continent. 
British North America and Australasia 
are both smaller in area than the Afri- 
can possessions of the Crown. Approxi- 
mately three quarters of this African 
area lie within the Tropics.’’ 

The advantages which Creat Britain 
gets from her African dependencies is 
illu.strated by a few of the figures that 
he gives. The domestic (*xports of 
Nigeria in 11)21 were valued at $41,- 

250.000, in 1925 they had risen to $85,- 
000,000, more than double. In 1921 the 
Gold Coast products were valiUMl at $30,- 
000,000, in 1925 they were worth $52,- 

500.000. These examples of expansion 
in West Africa are eclipsed by the rate 


of })rogrcss in East Africa. The domes- 
tic exports of Kenya and Uganda in 1921 
were $11,250,00(), in 1925 $39,100,000. 
What used to be German East Africa 
but is now rechristened Tanganyika 
Territory produced in 1921 products 
valued at $5,000,000, in 1925 these were 
$14,500,000. The two most sensational 
examples of the expansion have been 
cocoa in the Gold ('oast and cotton in 
Uganda. The exportation of cocoa from 
the Gold Coast rose from 7,000 tons in 
1905 to 78,000 tons in 1915 and 220,000 
tons (nearly half the world’s total sup- 
ply) in 1925. 

Th(^ peanut, which most Americans re- 
gard as merely a rival for poi)corn as a 
mid-meal nibbl(», is becoming in Africa 
a source of oil for shortening, for soap 
making and for Diesel engines. The ex- 
port of peanuts from Nigeria was noth- 
ing in 1910 and 120,000 tons last year. 
These figures will serve to intimatij the 
rich revenues which Great Britain is 
gaining from the African territories that 
she ])os.sesscd before the war and which 
she lias acquired from Germany through 
the war. 

The United States is handicapped in 
comparison with lier commercial rivals 
by lack of tropical territory. England, 
France, Holland and Portugal are far 
moni fortunate in this respect. England 
has about a hundred times as much terri- 
tory as the United States in tropical or 
semi-tropical climes; France has over 34 
times; Holland and Portugal have each 
more than seven times as much as the 
United States. 
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DRIVING A HALF MILLION HORSES 


I HOLD in my hand as I am writing the 
tooth of a horse. Yes, that is literally 
true, for I am so skilful on the type- 
writer that I can run it with two fingers 
of one hand with an occasional punch 
with the left thumb, and the tooth is not 
attached to the horse. In fact, the 
owner of the tooth has been dead for 
some 25,000 years. For this is a relic 
of one of the earliest horses made use 
of by man. It was picked up last sum- 
mer at Solutre in Prance where Ions of 
bones of a hundred thousand horses are 
piled up about a prehistoric camp of two 
acres area like tin cans about a frontier 
town. They are alike the debris of the 
kitchen. Yet before the Solutreans had 
deserted this site they had perhaps 
learned how to utilize the energy of the 
living horse, for an engraving has been 
found of the outline of a horse with 
some scratches on his head that look like 
a halter. 

This then marks about the beginning 
of what we might call the Equine Epoch 
of human history, which is visibly draw- 
ing to an end in our generation. Look 
down a street of any of our large cities 
and you will rarely see a solitary horse 
struggling to hold his place in the throng 
of his mechanical rivals. 

For the patient beasts of burden 
which primitive man trained to work for 
him, the horse, the ox, the ass, the ele- 
phant and the camel, are neither strong 
enough nor speedy enough to meet the 
needs of modern man. Nor are they 
tractable enough. ‘‘The horse is a vain 
thing for safety,’’ said the Psalmist. 
That is because the horse has a will of its 
own. So has the mule. But machinery 
behaves more rationally than animals bc- 
eause it is the offspring of man ’s reason, 
created expressly to do his will. Being 
made after the manner of man’s own 


mind, it is more completely under his 
control, provided he knows enough to 
manage what he has made. 

To drive a team of six or eight horses 
rc<iuircs a man of peculiar strength and 
skill. Yet the other day I saw a man 
driving a team of nearly 500,000 horse- 
power with the greatest of ease. It was 
in the switch room of the Niagara power 
house. In the middle of the clean and 
empty room was a desk at which sat 
two men. One was reading a paper so I 
don’t count him. The other sat quietly 
and for tlie most part idly, though keep- 
ing a watchful eye on the dials, signals 
and switches tliat encircled him on the 
walls. Occasionally he touched a button 
or pulled a handle, jotted down a figure 
on a slieet of paper on the desk or took 
up the telepliono. He looked more like a 
bank ])rcsident than a “workingman.” 
He must have to do a daily dozen to the 
tune of a radio in order to get enough 
exercise. Yet he had under his thumb 
tlie highest powered prime-movers in the 
world, three hydro-electric units capable 
of carrying a load of about 84,000 horse- 
power each. Only seven men are re- 
quired to run the entire plant, but four- 
teen more are needed to show visitors 
around. These turbines and dynamos, 
with their few attendants, distribute 
light and power to an area of two mil- 
lion people. Such an example of indi- 
vidual control and democratic distribu- 
tion would be impossible to accomplish 
with any number of liorses — or ele- 
phants. It is an epitome of human prog- 
ress, this passage from the hundred thou- 
sand horses that the Solutreans ate to 
maintain their muscular energy, on up 
to the five hundred thousand horsepower 
waterfall that this man employs to re- 
place human energy. 




Soivnie fierviw Photof/taph 

EAKTir^S OLDEST (JIMVE 


Tins MONUMKNT NN AS KRF.CTl-D HY DR. EuUKNK DUBOIS TO INPK’ATE THE SPOT WHERE HE FOUND 
THE Rl< MAINS OF JMTIIFI’ANTTIUOPUS ERECTUS, SO'CALLEl) “ APE-M \N/ ’ AT TRINIL, JaVA, 35 YEARS 
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SCIENCE IN DAILY LIFE 


The American Library Association 
has asked me to write something about 
the importance of the physical sciences 
for one of their forthcoming pamphlets 
on ‘‘Heading with a Purpose/’ This 
is what I said : 

Ignorance of the laws of nature ex- 
cuses no one. We have to live in accord- 
ance with them if we are to live at all, 
and the more we know of them the better 
we can live. The unprecedented expan- 
sion of civilization in the last two cen- 
turies, the immense increase in wealth 
and the general diffusion of the comforts 
and conveniences of life, must be cred- 
ited chiefly to applied science, and espe- 
cially to the physical sciences, since the 
biological, ])aychologi(!al and social sci- 
ences have not yet dev'cloped to a point 
where they exert so powerful an influ- 
ence upon mankind. 

It is interesting and important to learn 
about things far away and long ago, such 
for instance as the habits of the auks of 
the Arctic or life in Egypt in the time of 
the Pharaoh Tut-Ankh-Amen, but after 
all we can live, and even be happy, in 
complete ignorance of these things. But 
we can not carry on our work for a day 
without making some use of the laws of 
the physical sciences whether we arc con- 
scious of them or not. 

Fortunately we are forced to learn a 
lot about them in our infancy, long be- 
fore we go to .school. It is pounded into 
our brains by hard knocks. We have to 
ac(pure a practical knowledge of the law 
of gravitation in childhood before we are 
able to walk, and we learn a good deal 
about chemistry by the experimental 
method of putting everything into our 
mouths and so testing it by taste and 
smell, which are the two senses that dis- 
tinguish substances by their chemical 
constitution. 

So every grown person, though he may 
never have been to school, gains through 
his daily life and occupation a consider- 
able knowledge of the physical sciences. 


He gets, for instance, a certain familiar- 
ity with the physical principles of ma- 
chinery and with the chemical properties 
of metals and foods. But the knowledge 
so accidentally acquired is fragmentary 
and often fallacious. The information 
that he has so picked up is not con- 
nected, and he can not aj)ply it to 
new i)roblems. Such a man knows 
more than he knows he knows, but he 
is not able to make full use of it be- 
cause he has never connected his facts 
or generalized his ideas. In short, such a 
casual collection of fragmentary facts is 
not science, but merely the raw material 
for science. What such a man needs is 
to read some simple systematic work on 
the physical sciences, and he will then 
find that the practical points he has 
picked up will fall into their proper 
places in the general law.s, and that these 
laws will extend his vision and throw 
new liglit on all that he secs and does 
ever after. To study physics and chem- 
istry is like giving sight to a blind man. 
It o])eiis to him a new world of un- 
dreamed-of beauty, meaning and possi- 
bilities. 

But simidy becau.se these physical sci- 
ences are so fundamental and essential 
they are apt to be overlooktid and neg- 
lected in the acquirement of culture. 
When tourists visit a Gothic cath(?dral 
many of them see nothing but the fres- 
coes and gargoyles, and give no thought 
to the architectural principles of its 
structure, yet the esthetic effect of the 
edifice is due largely to the way the 
structural principles are revealed in its 
pillar.s, buttresses and arches. One who 
fails to get that misse.s, not only the 
meaning, but much of the beauty of the 
building. So, too, one who, for lack of 
acquaintance with the physical sciences, 
does not s(‘e the inner meaning of the 
acts and proce.s.ses of daily life, not only 
is hampered in their control, but loses 
the enjoyment of their significance. 




KXIIIBTT OF THE SMITHSONIAN INSTITUTION AT THE SESQUICENTENNIAL 

EXPOSITION 


Dr. James M. (iidlky, or the U. S. National Museum, is shown with one or the exhibits 

PREPARID BY HIM FOR l»HlLADELriIIA. ThE SKELETONS ARE TWO PORTHEUK FISHES, ONE TWELVE 
FEET IN LENOTH WHICH IS SWALLOWING ANOTHER WHH'H MEASURES SIX FEET. TllE BONES 
WERE FOUND IN KANSAS, WHERE THE GIANTS FLOURISHED MILLIONS OF YEARS AGO. 
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THE FLORIDA HURRICANE 

Science Service 


TriRKK severe tropical hurricanes in 
the region around the Caribbean Sea at 
the same time, one of which was the dis- 
astrous storm wliicli swept Florida and 
the northern Quit’ Coast, hav<‘. made a 
new kind of weather record, according 
to (.^harles L. Mitchell, of the U. S. 
Weather Bureau. 

Fortunately, only one of the three ^ot 
to the mainland of the Cnited States. 
One of the others kept to s(‘a as it ])asscd 
up the Atlantic Coast, and it was this 
OIK* that prevented (-aptain Rene Fonck 
from takinj? off on his air])lane flij^ht to 
Paris immediately after lie had repaired 
his leakin{< jjjas tank. Tlie third member 
of the trio passed northwards over (.'uba, 
and then disapi)earod with the proximity 
of the Miami liurricane. 

But thoujfh millions of dollars’ worth 
of damajj:e was done in Florida, the 
storm was not a surprise to the WeatluT 
Bureau officials, for they had been ob- 
servinf? its proj 2 :ress since the fourteenth 
of September. Warninj»:s of a hurricane 
aloiijf the eastern coast of Florida were 
sent out on the eveninjij of Friday, Sep- 
tember 17, preceded by warniiifijs of a 
severe storm the same morninj^. 

The oripfin of the storm was off* the 
west coast of Africa, near the Ca])e 
V’^erde Islands, a favorite bn^ediiig place 
of such hurricanes, and the Atlantic 
storm bcfnin in the same fieiieral reg:ioii. 
The Miami storm be^an about Septem- 
ber 18, the mass of whirlinj? air that 
constitutes su(*1i a liurricane then pass- 
irif^ westward across the Atlantic, and, 
when it hit Florida, travelinjj[ with a 
speed of about 125 miles a day. 

Apparently the center of the .storm 
passed rif»:ht over Miami, for at the cen- 
ter of the whirl of air is a calm a])ot 
p(‘rhai)s forty miles across, calk'd the 
“eye of the storm.” After the first 
severe blow at Miami, the storm appar- 


ently ceased, but as the rescuers were 
beginning their work it broke again with 
increased fury, but then the wind, in- 
stead of coming from the northeast, as 
it had at first, came from the southwest. 
While it was at its height, the wind 
velocity w^ent up to about 125 miles an 
hour, while the barometric jiressure 
dropped to 27.62 inches, the lowest ever 
recorded at a U. S. Weather Bureau 
station. 

Hurricanes always originate, accord- 
ing to Dr. W. J. Humphreys, profi'ssor 
of meteorological physics at the Weather 
Bui'eau, in the doldrums, a region about 
ten to twenty degree's from the equator, 
which is characterized by relatively 
calm air. The Cape Verde Islands, 
where the Miami storm originated, are in 
this area; but hurricanes are not pecu- 
liar to the Atlantic Ocean, for the 
typhoons of th(‘ coast of (fiiina and the 
Philippines are similar, and they also 
(M*cur in the Indian Ocean and, south of 
the ecpiator, near New Zealand. How- 
ever, those which occur south of the 
equator differ in an important respect 
from their northern counterparts, for 
while the air in the latter whirls in a 
counter-clockwise direction, the southern 
hurricanes whirl clockwise. This is an 
effect of the rotation of the earth. The 
exact cause of the whirls is unknown, 
but it is certainly not due merely to two 
winds in opposite directions haiipening 
to com(' close tog(*ther, for such a whirl 
could be no greater than the relative 
motion of the two original winds. In a 
hurricane, wind velocities far in excess 
of any relative motion between opposing 
air currents are often observed. In 
addition to the whirling winds, there is 
an ascc'iiding current of air towards the 
center, which produces the torrential 
rains. 
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SOME INTERESTING ANIMAL COMMUNITIES 
OF NORTHERN UTAH' 

By Professor W. C. ALLEE 

TJIE O’lVMKSlTY OF 011K’A(J() 


A NirMHEU of properly timed incidents 
determined the writing of this account. 
While the “Naturalists’ (luide to the 
Americas” was in manuscript and the 
senior editor was ur^inp: all persons ac- 
quaint'd with areas wortli describing to 
contribute short notes concerning them, 
the editorial office of this journal solic- 
ited an account of animal life that 


should be illustrated, interesting and not 
1 1 am ind(‘])t(*(i to T)r. 1. M. Hawley, Mr. 
Ralph Kiu^, Mr. Reed Christensen and Dr. 
Charles Rees, all formerly of the Utah Agricul- 
tural College at liOgan, Utah, and to many 
others for assistance with field trips; to Mr. 
King and Mr. Christensen and Mr. David Hall, 
of Ohio Htate University, for aeecess to their 
field notes; to Mr. Hall and to Mr. La Veil 
Cooley, of LogaJi, and others as acknowledged 
for photographs. 



FIG. 1. CACHE VALLEY IN WINTER 

With the Wellsvilj-e Range in the distance. The Mormon Temple at liOOAN is the 

PRINCIPAL BUILDING SEEN. (COOLEY.) 
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(TJIART OF 1X)(;AN, UTAH 

BA3KI) ON AVERAGES FUR THIICTY-ONE YEARS. TllE 
ORDINATES GIVE MEAN MONTIflvY TEMPERATURES 

IN* Fahrenheit. The ahscjssae give mean 
MONTHLY rainfall IK INCHES. THE DATA ARE 
FROM U. S. CW^to'OLOGICAL DATA. 

too technical. just s])ont two sum- 

mers at my favorite relaxation of teaeh- 
inj? zoolop:y in a new region while ex- 
plorin§f its zoological and scenic pos- 
sibilities and had been supplied with 
numerous photo{?raphs by students and 


other friends. Finally zoological friends 
with vacations to plan, with or without 
automobiles, desired directions to inter- 
esting areas not too tourist worn and yet 
not too far from the beaten track of 
travel, where they might find some zoo- 
logical stimulus as well as a western va- 
cation. 

Let all such, as soon as they can escape 
from classroom and laboratory, hurry 
west over the prairies and great plains 
Avhile the June freshness still holds, if 
that be possible, cross the first ranges of 
the Rockies and turn north at Ogden 
either on train or the well-paved road. 
P’or headcpiarters they may well pass 
the cherry and peach orchards of Brig- 
ham City and, crossing the VVcllsville 
Range, continm^ to the eastern side of 
Cache Valhy where the flourishing city 
of Ijogan will furnish a civilized base 
from which a number of unique animal 
communities may be explored. While 
an automobile is a great aid in making 
the trips to be suggested, the ownership 
of a car is unnecessary. 

The climate of the region may be un- 
derstood from the accompanying graph 
of mean monthly rainfall and tempera- 
ture given in Fig. 2, in which each month 
is numerically represented at the loca- 
tion which indicates the mean monthly 
tcin])oraturo on the ordinates, and the 
m(*ari monthly rainfall on the abscissae. 

Cache Valley itself has been opened 
for trapping, exploration and settlement 
for a little more than a century. Despite 
the scanty rainfall, less than sixteen 
inches a year, and the great evaporation, 
sev(*nty to eighty inches a year, the val- 
ley is well watered by rivers, irrigation 
ditches and artesian wells, so that the 
fertile plain, once the bed of old Lake 
Bonneville, is water-logged in places. 
Even among the cultivated fields the 
abundant yellow-headed blackbirds, shar- 
ing the swamps with their red-winged 
relatives, the long-billed curlews and an 
occasional egret, herons, hawks, ibises, 
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FIG. .3. LOOKING TOWARD MT. LO(L\N 
Note the uka(*ii maiiks of Lake Bonneville. 


etc*., remind one of the abiindnnce of 
^ame and birds that must have grccded 
the early visitors to this valley. 

The visiting naturalist soon learns that 
the distribution of these birds and of 
mammals is generally de.scribed in terms 
of Merriam's life zones which arc locally 
recognized by the following trees which 
are used as ‘‘zone indicators’^: 


pper Sonoi'an: 

n, Loirrr vpper Sonoran : GrcMsewood and 
.saacbriJHh. 

1). Vpprr-ujiper Sorionm: Nut pino, broad 
luavt'H '‘ottonwood, <*<*dar. 

Transition: Narrow Jrafed cottonwood, oak. 
CanatJiav ; White fir, bluo Hprucc, asprii, 
Douglas fir, 

n luisonian : Kngtdinann spruce, sub-alpine fir. 
Tundra: Bearberrv. 
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If he remembers his zoogeography, the 
visitor will know that the life zones of 
Merriam were originally supposed to be 
plotted on a temperature basis ; but since 
the exact yearly temj)erature ranges are 
hard come by in the field, these so-called 
zone indicators have been substituted, 
often without careful physiological w^ork 
to determine the temperature relations 
of the indicators themselves. 

When one starts to climb Mt. Logan 
(Pig. 3) by the excellent trail past the 
‘‘Girls* (‘amp,*’ (with these local zone 


stands of Douglas fir and the beautiful 
aspen w^oods of the “Canadian Zone** 
(Pig. 4). One climbs through these and 
on through the Engelmann’s spruce and 
the sub-alpine fir of the “Iludsonian 
Zone” only to come out above edaphic 
timber line into a good sage-brush asso- 
ciation, indicating “Lower-upper Sono- 
ran” when Alpine tundra was expected! 

Obviously something has gone wrong 
with the indicators. The temperature 
relations here, almost ten thousand feet 
abov(» s(‘a hivel, are decidedly different 



Fia. 4. THE ASPEN WOOHS OF THE “CANADIAN LIFE ZONFC' 


indicators well in mind) he finds that 
the life zones are not the same on the 
two sides of the mounlain. On th<! val- 
ley side facing west the sage brush, in- 
dicating “Lower-upper Sonoran,” ex- 
tended from the valley floor at 4,500 feet 
above sea level to the top at 0,713 feet, 
while on the eastern face this is soon 
sTiperseded by the “Transition.” The 
“Transition Zorn*” here is very narrow 
and is limited to the region near the 
stream which makes one question to 
what extent it is a temperature ])henom- 
enon. It soon gives way to the dense 


from those of the valley, as is shown by 
tin* mid-summ(*r snow banks and the 
spring b(*auties and other vernal flowers 
blooming here long aft(*r tln*y are past 
in the valley. The critically minded 
fh'ld naturalist with ecological training 
is likely to wonder if it would not be 
more scientific to d(*scribe these regions 
as sagebrush, asj)en or Engelmann’s 
spruce as.socialions rather than to gen- 
eralize them into tin* so-called life zones 
with their implied relationships between 
these mountain belts and the latitudinal 
belts of the (»astern part of the continent. 
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FlU. 5. “TllK mjJ)SONTAN LIFE ZONE” 

NoI'K the I.UillT SACK HlillSU AUEAS IMlICATINCi ‘‘LOWKIi TJPPEI! Sll\l)RAK” ON THE PEAK ABOVE. 



FIG. «i. LOOKING SOUTJIEAHT FROM DYKE. DEAR RTVEK DAY. (COOLEY.) 
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FIG. 7. HNOWV EGRET 

AIUMJOXIMATKI.Y THKEE WEEKS OLD, JlTI.Y J^EAH RiVKIl BaY. (IIaLL.) 


Further, one can but marvel at the pines, fjround scjuirrels and the like. 
])otency of an idea in diverting attention The "aine preserves include some 268,000 

from apparent facts Avhen he considers acres of the ( -ache National Forest, 

the obvious corndation between moisture Very occasionally on such climbs one 
and plant and animal distribution in finds small mountain ponds or lakes a 
this rejifion and the decidedly less ob- hundred yards or so in diameter, at a 

vious temperature relations. Yet the hei«j:ht of 8,000 to 9,000 feet. These are 

latter was chosen as the original basis populated in midsummer by a shrimp, 
of the life zone concept. liranvhinccta : and by salamanders, Am- 

A number of mountain tops are avail- bystonia iUjrinum, adults and larvae; 

able in easy trips from Logan as a cen- and by the toad Bnfo horva-a. In lower* 

ter:* as, Mt. Logan; Gog, Magog and lying ponds the apus-like Lepidurus 
Naomi; Ben Lomond and the Wellsvillc conrsii may be found in abundance. 
Range. None of these carries one above Bear River Bay may readily be 
true timberline, since this would be reached from the base camp at Logan 

found only at an elevation of 11,000 to by a few hours ^ automobile ride, pro- 
12,000 feet. These trips will take one viding arrangements have been made 
into a wealth of broken mountainous with one of the gun clubs or through the 

^jcountry populated with elk, bear, porcu- Brigham City ('hamber of Commerce. 
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These extensive flats (Fijr. 6), covering 
many thousands of acres, are, largely 
held by private gun clubs. The care- 
taker of Ihe Hear River Club, Mr. V. F. 
Davis, is an invaliiabh* aid to the new- 
comer in this area. The flats are well 
known to sportsimui and liave been the 
subject, r(»cently, of a series of j)apers 
by Dr. Alexand(*r Wetmore concerning 
the bird life with sf)ecial refenuiee to 
the duck sickness, which will be men- 
tioned later. The region is much less 
known to teaching zoologists and to labo- 
ratory workers. 

Bear River is the largest of three 
streams entering (ireat Salt Lake. It 
arises in Wyoming, drains into and out 
of Bear Lake (whose level is now arti- 
flcially controlled), flows through Cache 


Valley and tlien through a narrow gorge 
into the Salt Lake Valley, at the outer 
edg<? of which, after forming an exten- 
sive delta, it breaks up into a number of 
brandies before entering Bear River Bay 
of the (Jreat Salt Lake. This is one of 
the great nesting and collecting grounds 
for western birds. 

Arrangement can be made for staying 
at one of tJie numerous gun clubs and 
for transportation by suitable flat- 
bottomed boats. The visitor should be 
one of a very small party and should be 
prepansl thoroughly for a demonstra- 
tion of the abundance of mosquitcK'S as 
W(*ll as of ducks, ibises, herons and other 
birds. 

According to Wetmore, eleven species 
of ducks and the Canada goose nest 



FIG. S. YOUNG AMKKIGAN HITTKUN 
Ukau Rivki: Bay. (Gooi.kv.) 
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here. lie estimates tliat some 15,000 molting, feeding and refuge grounds, 
ducklings eome to maturity on these The male ducks of most species nesting 
marshes each season. Other nesting in this region do not stay with the 
birds are also abundant. Bitterns, great female and the young (Wetmore says 
blue herons, egrets and snowy herons, the middy drake is an exception) but 
black-crowned night herons, coots, Wil- soon gather in large flocks, coming from 
son’s phalaropc, avocets, black-necked many other regions as well as from the 
stilts, sandpii)crs, willets, long-billed local nesting grounds. On June 20, 
curlews, short-eared owls, marsli hawks, 1925, male pintail ducks had gathered 
yellow-headed and redwing blackbirds, near the opening of the south fork of 



FIG. 9. MAU81I HAWK’S NKST, EGG AND YOUNG 
Hkau Riveu lowlands above Bear Kivku Bay. (Cooley.) 


meadow larks and marsh wrens make Bear River so that the frightened flock 
their nests here, to mention ordy some which flew directly over us literally 
of the more prominent. Finding nests darkened the sky, as my father says wild 
is not arduous. The greater difficulty is pigeons in Indiana once did. In 1916 
to avoid stepping on eggs or on the Wetmore found 130 i)airs of breeding 
nestlings while tramping through the pintails on these marshes and as early 
short marsh grass or breaking tlirough as June 14 he records a flock of from 
the chines. 2,500 to 3,000 males having collected. 

Important as these flats are for nest- Later in the season when shcK)ting be- 
ing, they arc equally important for gins, even in recent years, shoveller 
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ducks have been seen on the lake nearby 
in a bank two miles long and a quarter 
of a mile wide, busily feeding on the 
brine shrimp {Artemia fertilis) and on 
the larvae of pupa of the salt marsh fly, 
Ephydra. 

One can not tramp those marshes near 
the close of the nesting season without 
being impressed with the prodigality of 
nature and with the loose adaptation of 
many animals to their environment. 
The thousands of birds in the air and 
on the ground must mean that the 
species are locally very successful; and 
this is indeed one of the gr(*at nesting 
marshes relatively untouched as yet by 
man during Ihe nesting season, yet 
everywhere one secs dead nestlings, 
broken eggs, nests that have been 
flooded, otli(‘rs apparently deserted with 
only a partial clutch of (;ggs. The in- 
fant avian mortality is appalling and 
provides a great though wasted oppor- 
tunity for avian social work! 

An unexpected corr(‘lation between 
man's activities and the welfare of wild 
life has come to light in these marshes. 
For many years ducks have been found 
sick or dead in some numbers, but when 
the size of the colonies here was consid- 
ered, these were not thought to be of 
great importance. However, in 1910 and 
the years following, the sickness became 
so widespread that the assistance of the 
United States Department of Agricul- 
ture was called in, and Dr. Alexander 
Wetmore spent three seasons in field 
studies with head(iuarters on these Bear 
River Plats. The seriousness of the dis- 
ease and something of the abundance of 
the bird life of these marshes can be 
seen from the fact that Mr. Y. P. Davis 
supervised the collection and burial of 
4(5,723 dead ducks between September 7 
and September 23, 1913. These were 
taken only from the open and Mr. 
Wetmore estimates that they repre.sent 
only about 20 per cent, of the dead 
ducks on the flats. In other words, some 


230,000 ducks died there in that one 
autumn from this illness. 

Observations and experiments showed 
the illness may be caused by the chlorides 
of calcium and magnesium present on 
the alkali flats. That the disease did 
not appear as a plague earlier is to be 
explained from the rapid increase in 
land under irrigation, so that recently 
the stream flow has been mai'kedly de- 
creased during midsummer months. In 
fact, from July to September very little 
wat(*r flow^s out th(^ mouths of the rivers 
entering Oreat Salt Lake, except from 
lower tributaries and from irrigation 
seepage. On these flats, fre(iuently but 
an inch or two above water level, the 
alkali collects at the surface as the soil 
dries. The wind may drive water over 
these low-lying flats where it may take 
up the troublesome salts (along with 
NaCI). Such driven water would also 
carry a supply of seeds and bugs upon 
wiiich birds might feed, taking water 
with the food and so obtain the neces- 
sary dosage of alkali salts. Rains w'ould 
similarly form puddh‘s containing the 
alkali siilts. The subsoil h('r(» is strongly 
alkalim; and there are })h*nty of the 
lethal salts availabh; if a flow' of fresh 
water is stopped. 

When the height of irrigation ceases 
in the autumn, the illness tends to 
diminish rapidly with the now supply 
of fresh water. Dr. Wetmore found 
that the ailing birds will recover if 
placed where they can secure fresh 
water. 

Apparently, by his industry in placing 
more and more land under irrigation, 
man is jeopardizing tlie life of this horde 
of wild fowi, since not only the ducks, 
but some twenty-five other species of 
Bear Riv<'r birds are known to suffer 
from the malady. This is happening 
without industrial contamination or the 
})hysical destruction of the breeding 
grounds. 
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Many local obs('rv(‘rs do not accept 
Dr. Wetmorc’s explanation. They ob- 
ject that, with irriffation demands con- 
tinuing: to increase, the duck sickness 
should also increase yearly, whicli it is 
not doinfj:. This may be explained in a 
number of ways. It may be that a par- 
tial temporary immunity has been gained 
by the great epidemic of ten to fifteen 
years ago ; or that the birds have become 
acclimated to the new conditions in an 
average season ; or tlie reported, but 
questioned, freshening of the water of 
Bear River following the completion of 
the Luein Cut-off of the Southern Pacific 
Railway may have a saving, effect. 

licad poisoning from eating the stray 
pellets of lead left after the shooting 
also causes sickness and death of many 
waterfowl. The pellets remain on the 


marsh for years and can readily bi‘ re- 
covered from silt near tlie shooting 
blinds. Six No. 6 shot i)ellets experi- 
mentally fed to ducks were always fatal, 
and one might be. 

At the Bear River Bay marshes one 
comes in contact with the brackish 
waters of Croat Salt Lake — now well 
upon the marshes, and again only out 
at the mouths of the channels, depending 
upon the season and the strength and 
steadiness of the wind. Closer contact 
with the animal life of the lake may well 
be deferred until arrangements have 
been made to visit Hat Island, the nest- 
ing ground in mid-lake of gulls, great 
blue heron and white pelicans. Such 
arrangements may be made for a con- 
sideration with the Southern Pacific 
Railroad. A party of fifteen or more 
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are able to make tlie trip very reason- 
ably and within a day’s time. The 
throu{?h train stops at Colin in mid-lake 
on tlie Luein Cut-oflF, and a Southern 
Paeifie Railway lanneli will carry a 
})arty twelve miles south to Ttat Island. 
The island is approximately twenty-one 
acres in extent and rises in tlie center 
of Salt Tjake about seventy-five feet 
above lake level. The underlying? rock 
is of Pre-cainbrian f?laciated schist, con- 
taininj? j?ranite boulders, as can be seen 
in F\g, 11. 

On the eut-off trestle and about the 
boats are a lar^e number of spiders, 
which obviously feed on tlu* swarms of 
Ephydra, or bi'ine fly, whose abundance 
as ima^os on the surface and near the 
water have been described by Aldrich. 
l)es])ite this description one needs to 
watch the motor boat plough tlirough the 
heavy brine, stirring up the brown ma.s.s 
from the surface, and see this mass 
break into myriads of small brown flies 
that get into nostrils and mouth in spite 


of every care, to realize how thick flies 
can be. 

Tow nets or dij) nets towed overboard 
through the brine bring i]i numbers of 
the Ephydra larvae (three species have 
been de.scribed) and ])upa in their cases, 
along with the brine .shrimp, Artemia 
ferlilis Ver., which is found in numbers 
all along from the tresth' during the two 
hours’ run to the island. One of the 
(Jorixidac is also found in the lake, but 
less abundantly. Vorhies also lists a 
number of Protozoa, including Amoeba. 
Througli the clear wat(‘r a greenish 
growth could be seen. F. P. Daniels 
summarizes the i)lants reported in 1917. 
lie found two specie's of Chlamydo- 
monas, two diatoms and one of blue- 
green algae {Apluinoihica paclxardii) in 
the I'cgion near Salt Lake City. The last 
occurs in considerable mas.sc's. 

Dr. V. E. Shelford reports the hydro- 
gen-ion concentration of Salt Lake at 
Salt Air to he pi I 8.1. My own deter- 
minations in mid-lake show uncorrected 



FI(}. 11. GULLH ON THE PRE("AMB11IAN OLACIATET) SCHIST OF HAT ISLAND. 

(C(K)LEy,) 
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roadinjjs with j)honol reel of pll 8.3. 
Just what the salt error may be, I do 
not know. The brine is 23 p(»r cent. salt. 

The swarms of jjrulls — uestlinj^s, year- 
linpj and rull-plumap:ed — found on and 
near the island are well worth the visit 
(Pija^s. 11-12). Any doubts of the abil- 
ity and willingness of the gulls to get 
salt water in their mouths last only until 
one throws a test bread crust overboard. 
Regurgitations of Ephydra eases on the 
island show that the larvae and pupa of 
the brine Hy are used as food. Doubtless 
the abundant brine shrimps are also 
eaten. 

In addition to the gulls we found 
young of the wdiite pelicans and nests of 
the great blue herons on the island. 
Palmer (1915), visiting the island in 
mid-May, about two months before the 
time of our visit, found both California 
and ringed billed gulls to the number of 


al)out 15, ()()() to 20,000, about 2,000 of 
the white pelicans, about 400 great blue 
herons, a small colony of Caspian terns 
and oiu* killdeer, apparently a chance 
visitor. Our estimates ran much higher 
for tlic gulls and about the same for the 
pelicans.- 

The great low-lying nests of the great 
blue herons (Fig. 14) attract the atten- 
tion of the easterner, who ha-s been used 
to see such nests only at the top of tall 
trees. The twigs with which they arc 
made have been carried for the most 
part from the mainland just as the food 
of the nesting birds also comes mainly 
from the swamps, lakes, rivers and fields 
of the mainland. The young pelicans 
are easily rounded up into close droves 
(Fig. 15). Many of them when excited 

2 Hr. Charlos G. Plummor, of Salt Lako City, 
has nmdo c.xteiisive studies of the birds ou Hat 
Island which arc not yet in print unfortunately. 
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FIG. 13. GULLS NEAU HAT ISLAND. (TANNEU.) 


rcjyur^itate thoir food, and on oxaniina- 
tion of one bird’s dinner def)()si1ed at iny 
feet 1 found tills story could be* recon- 
structed. 

Early in the morninjiC July Ti, 1924, 
a youiij? sTnall-inouthed black bass uas 
feeding? in the fresh waters of oik* of the 
mainland streams and had half swal- 
lowed a sniallcr minnow. Ills rush after 
food brought him within range of a feed- 
ing pelican and he was gobbled down 
along with his half-swallowed prey. 
When several more fishes had joined this 
one, the pelican, probably in company 
with a small group of others, rose clum- 
sily from the water and made its way in 
V-formation back to the nesting grounds 
on Hat T.sland. Tlun-e a young pelican 
persuaded this particular bird to allow 
it to feed from the fish which had been 
completely swallowed and the bass with 
its half-swallowed minnow were trairs- 
ferred from the stomach of one pelican 
to another. Later, when wc came on the 
island, the youngster in his excitement 
presented the slightly digested fishes to 
us and, as w^e turned away after a care- 


ful examination, the grec'dy gulls were 
again gobbling the much-swallowed fish. 
I can not be sure that this w^as its last 
esophageal journey, for the young gulls 
were also regurgitating in their excite- 
ment at our a])]iroach, and this bass with 
its half-swallowed prey may well have 
come up and down once more before 
falling to pieces. 

In addition to the birds we found the 
following animals on the island : dragon- 
flies, Libellulidae; ground beetles, Cara- 
bidac; flies, Muscidae, Ephydra; Der- 
me.stid beetles (two species, adult and 
larvae) ; Circulionid beetles; spiders, 
])ysi<leridae ; wasps, Specidac; the west- 
ern harvester ant, Pogonomynnex occi- 
(lentnlis: rjeometrid moth larvae, and the 
lizard called the desert race runner 
{Cnemuioyhorus tcssellnhis tessellatus) . 
In addition there were a number of bit- 
ing bird lice, one colony of wdiich was 
found almost completidy lining the 
pouch and gullet of one of the young 
pelicans. It is interesting to note that 
Palmer in 1915 n'cords seeing one spe- 
cies of lizard on the island. 
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The region near Great Salt Lake is 
shown on even the more conservative 
maps as desert country, but green fields, 
great swamps and a sagebrusli-coverod 
island all crowded with animal life do 
not fit the usual picture of desert life. 
True desert conditions are nearby. One 
finds that the western part of Promon- 
tory liidge, which l(M)ks down on the 
teeming Bear River Bay marshes, has 
only ten inches of rain or less per year. 
One of the characteristics of life of the 
region is the sudden transition from one 
animal habitat to another. 

In order to reach the Salt Lake Desert 
region, which has less than five inches of 
rain a year, one should travel by auto- 
mobile or train through Salt Lake City 
to Knolls, about eighty miles west of 
Great Salt Ijake on the transcontinental 
automobile road, which w(‘ shall hope is 
now' improved out of the axlc-dcep ruts 
filled with fine dust that characterized it 
a year ago. Here are two types of des- 
ert: the lifeless alkali fiats, and the 



FIG. 14. BLUE HERON’S NEST ON 
HAT ISLAND. 



FIG. lo. THE ROTJNJ) UP OF YOUxVG 
WHITE PELICAN. 


adjoining sand dunes where life is more 
abundant. 

There a bri(*f search gave us Ihc W'est- 
ern harvester ant; two dragon Hies, 
Libellula anil Kpiaeschna ; numerous 
Lycosid spiders; robber flies, Asilidae: 
adult ant lions, Myrmeleon ; darkling 
beetles, burrowing in the sand; solitary 
wasps, Specidae; tiger beetles, Cincin- 
dellidac; four species of grasshoppers; 
one praying mantis; two liwirds, liie 
desert race runner {Cnemidoplwrus 
sfllafus tesseJlafus) and the sage swift 
{Scvloporus gracUmis) ; the coyote and a 
species of Lepus. 

Other interesting animal communities 
available from headquarters near Logan 
include those of Bear Lake, a beautiful 
mountain lake some seventeen miles long 
and eiglit miles wide, about 6,000 feet 
above sea level, with an extensive swamp 
at the north end, and with a small hot 
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water spring nearby. Tlicrc is the ex- 
tensive Logan Cave on the route to Bear 
Lake. In Idaho, within a day’s run by 
automobile, one may find lava beds at 
the ‘'Craters of the Almm. One may 
find planarian watercress swamps, small 
alkali flats, extensive areas waterlogged 
from irrigation, together with the ex- 
pected mountain brooks Avith their ex- 
cellent supply of stocked trout and asso- 
ciated animals. 

The problems arising from a eon.sid- 
eration of the animal communities of the 
region arc numberless. The obvious 
economic ones arc being attacked, but 
many of the underlying biological prob- 
lems are untouched as yet. There is a 
vast need of studies in taxonomy, par- 
ticularly among the insect groups. A 
great many of the specimens collected 
are new s])ecies or new varieties. Thus 
Dr. Annette Braun collected micro- 
lepidoptera in this region for six weeks 
in 1924 and obtaine<l thirty-six new 
species and one new genus out of one 
hundred and fourteen species on which 
she rei)orts. It seems a pity that th(‘ 
interest lias shifted so far from taxon- 
omy that much of this basic work re- 
mains untouched in the western country. 
When species are unknown, it is obvious 
that tlie ecological relations of many 
species arc unsuspected. In a region 
offering such sharp lines of demarcation 
between different animal communities 
one has an unusual opportunity for 


profitable study of the operation of 
environmental factors in limiting distri- 
bution. Topographic, climatic and soilic 
transitions are sudden and extreme. 
Such analyses obviously call for modern 
instrumental studies as well as the older 
and always necessary studies of biologi- 
cal relations. 

It is important to record that the rural 
and city population of the region arc 
unusually interested in the results of 
biological investigations and are sympa- 
thetic and ready to be helpful in furtlier- 
ing such work. This is in part due to 
their recognition of the dependence of 
the agriculture and mining of the region 
upon scientific aid. 

With a fairly extensive field experi- 
ence with different types of animal habi- 
tats, 1 know of no other region possess- 
ing so great a variety of animal com- 
munities within so short a range, and I 
have never seen in nature such a demon- 
stration of the primeval abundance of 
animal life on land. The fact that 
nearby tiu'rc* may be an almost absolute 
deartli of animals only makes the abun- 
dance more dramatic. Tlie availability 
of this region for an interesting summer 
excursion for biologists is by no means 
lessened by its proximity to the Jackson 
Hoh* country and Yellowstone National 
Park on the north and to the spectacu- 
lar Cedar Breaks and Bryce’s Canyon 
region to the south. 



THE RIDDLE OF LIFE 


By Professor J. E. GREAVES 
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There arc probably few individuals 
who have lived to the age of understand- 
ing without asking at least themselves 
the questions : What is life t From 
whence does it come, and how does the 
living differ from the lifeless? These 
have been riddles of the centuries. The 
philosophers have pondered over them. 
The scientists have taken to their labora- 
tories in an endeavor to wring from 
nature an answer. From the very dawn 
of history we find that all mankind has 
concerned itself with these momentous 
questions, and to-day some will say that 
they are no nearer solved than when 
primitive man strolled from his cave, 
club in hand, to slay the living that by 
so doing he might live. Be this as it 
may, contrary to the belief of many, the 
search has yielded a harvest rich indeed. 
It is the history of this harvest and some 
of its fruits which we wish to examine 
briefly. 

The race is like the child in that dur- 
ing the early stages of development the 
imagination is the predominating in- 
stinct; hence we find the first descrip- 
tions of the origin of life highly imag- 
inative. The ancient Greeks looked on 
the Goddess Gca as the mother of man- 
kind. In their glorious mythology they 
pictured men and women as springing 
into life from tlio stones cast on the 
earth. Tlie Olts pictured the soil as 
peopled with gnomes and pixies, friends 
or foes of mankind. Many ancient 
writers fancifully portrayed the tran.s- 
formation of dead into living matter. 
The Greek philosophers taught it. 
Aristotle wrote in 384 B.C. : “Animals 
sometimes arise in soil, in plants or in 
other animals. “ 


Three centuries later Ovid, in his dis- 
sertation on the Pythagorean philoso- 
phy, defends the doctrine of spontaneous 
generation, whereas Virgil in his 
Georgies gives directions for the arti- 
ficial production of bees. 

Paracelsus (1492-1541), a Swiss medi- 
cal philosopher who greatly confused 
fact and fancy, gives instructions for the 
making of Homunculus. Certain sub- 
stances are to be placed in a bottle ; the 
bottle is well stoppered and burned in a 
manure heap. Every day certain incan- 
tations arc pronounced over the bottle. 
In time, so Paracelsus declares, a small 
living human being (homunculus) will 
appear in the bottle. He naively admits 
that he never succeeded in keeping the 
little man alive after it was taken from 
the bottle. Kircher went a step farther 
and describes and even pictures certain 
animals which he claims were spontane- 
ously produced before his very eyes, 
through the action of water on frag- 
ments of plants. 

During the middle of the sixteenth 
century Cardano thought that water 
gave rise to fish and other animals and 
that water was the cause of fermentation. 
An Italian, Bonoiiani, tells of a wonder- 
ful transformation which he claims to 
have witnessed. Rotten timber which he 
rescued from the sea produced worms; 
these gave rise to butterflies ; and 
strangest of all the butterflies became 
birds and flew away. Gradually these 
grotesque fanciful opinions concerning 
the origin of life were abandoned, and 
it was believed that only the lower plants 
and animals, seaweeds, algae, lichens, 
lice, mites and maggots could develop 
spontaneously. Even to-day wo find 
496 
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iqteXU^t individoalf who be> 
QjtM «Bd liee can develop 
v^tluMit paionta and that the hair from 
tail or mane of a horse will change 
into a worm or snake if placed in water 
and exposed to Ug^t and warmth. 

Svery one took it as a self-evident &et 
that maggots originated spontaneously 
from decomposing meat or cheese, until 
an Italian poet and physician, Bedi 
(1626-98), took the simple precaution of 
screening the mouth of jars containing 
meat so that flies cotild not enter. They 
were attracted by the odor and depos- 
ited their eggs on the gauze, and it was 
from these ^t the so-called ‘‘worms’* 
arose. 

By the middle of the seventeenth cen- 
tury the theory of the spontaneous gen- 
eration of mice, scorpions and maggots 
had been proven untenable. But at this 
time Leeuwenhoek discovered various 
living moving animalcules in raindrops, 
saliva and many putrefying substances. 

Then all were sure there had been dis- 
covered the origin of life. For any one 
provided with this new instrument, the 
microscope, could easily demonstrate for 
himsdf the spontaneous generation of 
microscopic eels in vinegar or produce 
myriads of different and interesting 
creatures in ample infusions of hay or 
other organic materiaL 

Needham, a Catholic priest, in 1745 
placed decaying organic matter in a 
closed vesseL This he placed on hot 
ashes to destroy any existing life. On 
examining the contents of the vessel 
aftw a time, he found micro-org^isms 
which were not there in the beginning. 
From this he evolved his theory that a 
force called “productive” or “vegeta- 
tive” existed which was responsible for 
the formation of organized beings. The 
great naturalist, Buffon, elaborated the 
thewy that there were certain unchange- 
able parts common to all living creatures. 
After death tiiese ultimate constituents 
were supposed to be set free and become 


active until wiflt oaa another and still 
other particles they gave rise to awarms 
of microscopic living creatures. 

In 1769 SpaDanaani repeated tiie woiit 
of Needham. He boiled the material fpr 
one hour and kept it in hermetically 
sealed flasks. He wrote: “I used he^ 
metically sealed vessels. 1 kept them for 
one hour in boiling water, and after 
opening and examining their e<mtenta, 
after a reasonable interval, I foimd not 
the slightest trace of animalcules, though 
I had examined the infusion from nine- 
teen different vessels.’^ 

But the believers in the theory of 
spontaneous generation were not con- 
vinced, as they claimed that the boiling 
had altered the character of the infusion 
so it was unfit for the production of Ufe. 
Voltaire, with his characteristic satire, 
took up the fight at this point and ridi- 
culed the operations of the English 
clergy “who had engendered eels in the 
gravy of boiled mutton” and wittily 
remarked: “It is strange that men 
should deny a creator and yet attribute 
to themselves the power of creating 
eels.” This, however, was a controversy 
to be settled not by ridicule but by ex- 
perimental evidence. 

Spallanzani answered their objections 
by cracking one of the flasks. Air en- 
tered and decay immediately set in. 
Even this was not sufiicient to overthrow 
an age-long belief. The abiogenist 
argued that “the sealing of the flaiflc 
excluded air and the oxygen of air is 
essential for the generation of life.” 

This objection was answered by the 
work of many an ingenious investigator. 
Schulze in 1836 passed air throutdt 
strong acids and then into boiled infu- 
sions and failed to find Ufe even after 
the infusion had stood some time. 
Schwann passed the air through highly 
heated tu^ with the same results. To 
this the argument of the opponents was, 
“heat and chemicals so alter the physi- 
cal and chemical eomposititm of the air 
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that it is unable to engender life/’ The 
work of Shroeder and Dusch (1853) was 
more convincing, for they found that it 
is sufficient to stopper bottles containing 
heated milk, meat and other perishable 
substances and they will keep indefi- 
nitely. 

Even this was not sufficient to over- 
throw the belief in spontaneous genera- 
tion, for as late as 1859 Panchet revived 
it in a book in which he heaped experi- 
ment upon experiment and argument 
upon argument spiced with the logic and 
sarcasm of the man of science in favor 
of spontaneous generation. He was 
opposed by Pasteur, who collected the 
floating particles of the air surrounding 
his laboratory in the Rue d*Ulm and 
subjected them to microscopic examina- 
tion. He sowed them in sterilized infu- 
sions and obtained abundant crops of 
microscopic organisms. He showed that 
the cause which communicated life to the 
infusion was not uniformally diffused, 
but in the workshop and crowded streets 
of Paris living organisms were numer- 
ous, whereas on the tops of high moun- 
tains and glaciers the air is usually free 
from life. He showed that beef tea 
sterilized in flasks with the neck bent 
like that of a swan did not spoil, even 
though exposed to the atmosphere. As 
late as 1922 there was exhibited in the 
United States one of those flasks of beef 
tea which it was claimed Pasteur had 
prepared over fifty years before; it was 
still clear and free from life. 

In the spring of 1864 nearly all Paris 
was at one of Pasteur’s lectures in which 
he portrayed vividly and with a touch 
of scorn for his adversaries his conclu- 
sion concerning the origin of bacteria. 
He said : ‘ ‘ There is no condition known 
to-day in which you can affirm that 
microscopic beings come into the world 
without germs, without parents like 
themselves. They who allege it have 
been the sport of illusions, of ill-made 
experiments, vitiated by errors which 


they have not been able to perceive, and 
have not known how to avoid.” Then 
in a passage of singular beauty he de- 
scribed himself watching and imploring 
his flasks to give him a sign of life, but 
they would not, ”for I have kept from 
them, and am still keeping from them 
that one thing which is above the power 
of man to make ; I have kept from them 
the germs which float in the air ; I have 
kept from them life.” 

Thus was established the principle 
that life springs only from life, from 
the viewpoint of the welfare of the 
human race the most momentous discov- 
ery made by man, for on it is reared 
those three sciences which have done so 
much to prevent, alleviate and cure 
human ills — bacteriology, pathology and 
surgery. 

To-day we can only speculate as to 
the origin of life on this planet. The 
most outstanding theories can be sum- 
marized as follows : 

Vitalism had its champions for ages 
and reached the heyday of its power 
in the eighteenth century. It assumes 
that an all-controlling, unknown and 
unknowable mystical and perraechanical 
force was responsible for all living 
processes. Such a postulate carries the 
subject beyond the realm of scientific 
investigation and as here laid down is 
not generally held by the thinkers of 
to-day. 

All experiments performed by man 
and those occurring naturally and stud- 
ied by man invariably point to the con- 
clusion that life always springs from 
life. This has caused many serious 
thinkers to ask, ”Is not life as old as 
matter itself and is carried from planet 
to planet?” Some bacterial forms will 
lie dormant for years and stand tempera- 
tures as low as 250 degrees C. Hence 
Arrhenius suggests that life is driven 
from planet to planet by light waves, 
and finds lodgment and grows wherever 
conditions are appropriate. Such a 
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hypothesis removes the question from 
this to some other sphere beyond the 
reach of man and does not satisfy the 
inquisitive mind; hence various other 
theories have been formulated which try 
to account for its formation on this 
earth. In all these it is assumed that 
the various changes occurring in the 
cooling and reacting earth gave rise to 
molecules endowed with life. All are in- 
genuous but speculative and loudly pro- 
claim the need of a future Darwin with 
a mind great enough to sweep the whole 
universe and formulate for mankind a 
fruitful working hypothesis. In the 
meantime, man accepts the dictum that 
life springs only from life and divided 
the objects on the earth into the two 
great classes — the living and the lifeless. 
The former possess certain characteris- 
tics which are not possessed by the lat- 
ter. These properties are movement, 
growth, reproduction, respiration and 
irritability. It is to a study of these 
that the scientist has turned his attention 
during the last quarter of a century. 

Lifeless matter often manifests move- 
ment. A rock, cut from the side of a 
mountain, rolls into the valley below. 
Movement is due to position. The mi- 
gration of the amoeba may be closely 
imitated with a drop of chloroform 
placed in water on a superficially hard- 
ened shellac surface. A marked surface 
tension develops between the chloroform, 
the water and the moist shellac layer; 
soon the chloroform and shellac com- 
mence to be moistened at some point, and 
at this point the surface tension of the 
chloroform is lowered and it seeks to 
spread itself out. By various modifica- 
tions of this method one can imitate the 
chasing of small amoebae by larger ones, 
the taking up of food and very many 
interesting life phenomena. In all these 
imitations, however, it is to be noted that 
the impelling factor comes from without, 
whereas in the living cell it comes from 
within. This may manifest itself as the 


change of position on the earth ’s surface, 
as in the case of the animal or the inter- 
nal protoplasmatic movements of the 
plant cells. While much of this may be 
due to osmotic changes of the proto- 
plasm, yet the energy comes from the 
food, and in this the law of conservation 
of energy has been found to rigidly hold. 
Prom it wo are learning that the efficient 
engines for the transformation of energy 
are not man-made but the natural living 
cells. And although in this respect the 
body of man is wonderful, yet the little 
firefly we observe darting about on a 
dark summer evening is probably the 
most efficient dynamo in existence. 

Growth, yes, lifeless material grows, as 
even the young boy understands as he 
rolls his snowman. A lump of copper 
sulfate thrown into a dilute solution of 
potassium ferrocyanid soon develops a 
brown envelope which throws out up- 
ward-growing runners, and in half an 
hour's time the fluid is filled with figures 
which vividly recall both the shape and 
color of the seaweed. The weight of the 
resulting artificial plants may be 150 
times that of the original copper sul- 
phate. We all know that a crystal placed 
in the mother liquid grows. This has 
been likened unto the growth of the liv- 
ing organism, but only a moment's 
thought is necessary to show that the 
likeness is only superficial. Crystals 
grow by the addition of a like material, 
whereas the living cell takes dissimilar 
substances and transforms them into an- 
other material : living tissue. 

Inasmuch as growth viewed from the 
physiological viewpoint consists of the 
transforming of unorganized foodstuffs 
into new chemical entities which consti- 
tute the organized protoplasm of the 
animal, it is evident that the living or- 
ganism must have food. It is but a short 
time since the rule was that the food of 
man should contain carbohydrates, fats, 
proteins and water. Ash was looked 
upon more as an impurity which was 
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tolerated but not essential uniil it was 
found that an animal on such a diet died 
sooner than another receiving only 
water. Ash then was found essential 
not alone as building material but as a 
regulator of body processes, and some 
even claim that life phenomena function 
oven more through the mineral elements 
than through the organic. To-day we 
know that a diet consisting of carbo- 
hydrates, fats, proteins, ash and water 
will not maintain growth unless the 
growth-promoting Vitamine B is pres- 
ent, and even then for only a short time 
unless the regulatory Vitamins A, C and 
D are also included in the diet. Nor is 
the kind of protein without significance. 
The growth-promoting lysine and the 
regulatory tryptophane must be con- 
tained within their molecule. 

The diet may meet all these require- 
ments and still there be no growth even 
in the young animal, or when there is 
growth it may bo abnormal, as in the 
case of gigantism, acromegaly and myxe- 
dema, when there is an abnormal func- 
tioning of the endocrine organs. The 
results which have been obtained in 
transforming the cretin into a normal 
individual is a metamorphosis as won- 
derful as the transforming of the tad- 
pole into the frog. Gudermasch made 
the remarkable discovery that even this 
metamorphosis, which in our climate 
usually occurs during the third or 
fourth month of life of the tadpole, can 
be brought about at will even in the 
youngest tadpoles by feeding them with 
thyroid gland — no matter from what 
animal. By feeding very young tad- 
poles with this substance frogs no larger 
than a fly can be produced. Allen added 
the observation that if a young tadpole 
is deprived of its thyroid gland it is 
unable ever to become a frog and it re- 
mains a tadpole, which, however, can 
reach a long life and continue to grow 
beyond the usual size of the tadpole. 
However, when such abnormal tadpoles 


are fed with thyroid they promptly 
undergo metamorphosis. Similarly, the 
products of the endocrine organs govern 
the nature and rate of growth. 

The size which the individual reaches 
is not alone determined by inheritance 
and the food received but also by the 
activity of the pituitary gland. For to- 
day in animal experiments there is pro- 
duced at will the giant or the pigmy by 
the use of tethelin. These discoveries 
have placed in the hands of the dietitian 
and physician weapons against abnor- 
malities of growth in stature and in 
mind which in the age of mythology 
were attributed only to the gods. 

In man there are periods of rapid 
growth followed by quiescent periods. 
These are three in number, each begin- 
ning with a period of relatively slow 
growth, followed by a period of very 
rapid growth and culminating with the 
termination of the cycle in a period of 
slackening growth again. In the case of 
the first two cycles this slackening of 
growth is followed by a fresh spurt of 
acceleration due to the succeeding cycle. 
The first cycle closes toward the end of 
the first year, the second about the sixth 
year and the third at maturity. It has 
been recently shown by Bobertson that 
these cycles of growth obey the equation 
of an autocatalyzed monomolecular re- 
action. 

The third characteristic of the living, 
and the only property it is certain that 
some of the simpler organisms posses.ses 
— organisms too small to be seen with 
even the most powerful microscope — is 
that of reproduction. 

Although the morphological changes 
occurring in multiplication have long 
been studied, it is only recently that suc- 
cessful attempts have been made to study 
that first stage of reproduction — fertili- 
zation. The work of Loeb on the egg of 
the sea urchin or frog has demonstrated 
that they may be successfully fertilized 
by treating first with a dilute solution of 
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butyric acid and then with hypertonic 
sea water. When thus treated the un- 
fertilized egg develops into the adult 
possessing maternal characteristics. 
This called forth from the laity the 
statement that life had been created, but 
the answer from the scientist came, 
“No, life has not been created. There 
has only been arrested a chemical proc- 
ess which has its origin with the origin 
of the cell and which ultimately ends in 
the death of the organism. “ To test this 
proposition the unfertilized cell was 
treated with antiseptic strong enough to 
retard enzymic action but not strong 
enough to Wll the cell, and even the un- 
fertilized cell developed for some time. 
Moreover, Loeb found that the duration 
of life, barring accidents and disease, in 
the metazoa, is inversely proportional to 
the temperature at which that animal is 
living. Decrease the temperature ten 
degrees and one doubles or trebles the 
length of life. Or, in other words, liv- 
ing matter within certain limits obeys 
the temperature law of van’t Hoff and 
Arrhenius. 

If certain salt-water fish be placed in 
a solution of common salt having the 
same osmotic pressure as has sea water 
the fish soon die. Death in this case is 
not due to a lack of food, as a similar 
fish placed in distilled water lives for 
some time. Now, if a small quantity of 
calcium chlorid had been added to the 
first solution the fish would have lived. 
Moreover, if the heart be removed from 
the body of an animal and placed in a 
salt solution it soon dies, but if small 
quantities of calcium salts be present the 
heart beats normally. Now, the tissues 
of the animal are all bathed during 
health in a solution having a balanced 
composition, but in some diseases this 
concentration is changed. Hence, we 
have abnormal function, or even death. 
This plays a part in many nervous dis- 
orders. Probably it is often the prime 
factor in chorea, or even some tumorous 


growths may have their origin in some 
such fashion. Moreover this discovery 
explains the action of many of the com- 
mon cathartics on the human organism. 
Inasmucli as they are calcium precipi- 
tants, they leave an unbalanced condi- 
tion in the protoplasm — hence, the in- 
creased muscular contractions. 

The same laws hold in the unicellular 
and multicellular animals, that is, they 
must not only have sufficient mineral 
food, but it must be in the right propor- 
tion. Hence, when viewed by them- 
selves, the experiments on the fertiliza- 
tion of the egg appear trivial, but from 
them has been developed this funda- 
mental law — “Normal life is possible 
only when necessary salts combine with 
the colloids of living substances in a defi- 
nite ratio. “ 

Finally, we have two other properties 
of living matter — respiration and irrita- 
bility — ^which often require special ap- 
paratus for their detection but which are 
just as fundamental as the others. All 
living things respire and consume oxy- 
gen, liberate energy and give off carbon 
dioxide. This is obvious in the case of 
man, but not in the case of the potato; 
but allow water to find its way into the 
potato pit, and the potatoes are 
drowned, as man would be. Two ker- 
nels of wheat side by side appear the 
same — one is alive and will grow if 
placed in suitable soil, the other is dead 
and will not grow. The two seeds placed 
in the chamber of a biometer show un- 
mistakable differences in the quantity of 
carbon dioxide production. 

Both the living and the dead seed 
gives off carbon dioxide, the differences 
being only in quantity. The living cell, 
however, is markedly different from the 
dead in that it is irritable. Prick a man 
with a pm and he jumps and says, 
“Ouch,“ or ho may even use stronger 
language. Prick the living seed with a 
pin and it also jumps and says, “Ouch,“ 
but in language which it requires the 
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biometer to detect and interpret. It 
gives off more carbon dioxide. This is 
true of all cells, even in the nerves which 
many seem to think obtain their energy 
from some other source than the metabo- 
lized food. This property of increased 
carbon dioxide output and irritation is 
so general that it has come to be spoken 
of as ‘‘a chemical sign of life.’* And 
by following this gaseous exchange in 
the higher animals it is possible to deter- 
mine whether carbohydrates, fats or pro- 
teins are being burned, or whether one 
is being transformed into one of the 
others. 

For years all these transformations 
were explained by the statement that 
they were ‘'cell activities.’* But refined 
chemical and biological methods have 
made it possible to push aside the mantle 
surrounding the cell and to gather some 
of the engines with which life acts. And 
to-day many scientists are busy studying 
these engines — the enz^^es. At first 
attempts were made to obtain the puri- 
fied product, but, inasmuch as we have 
no criterion by which purity can be 
judged and further because of the ex- 
treme unstability of the product, the 
work is extremely difficult. Efforts, 
therefore, are being made to synthesize 
the enzymes and to learn the laws gov- 
erning their activity. 

Advances have already been made. 
Euler has produced an artificial oxidase, 
Falk an artificial lipase. The synthesis 
and control of artificial enzymes will 
revolutionize the science and art of 
organic synthesis. It may make it pos- 
sible to control or combat pathological 
conditions in the human organism. 

All the vital steps in digestion are due 
to enzymes. When they fail, due to dis- 
ease, will it be possible to replace them 
by the laboratory product? This is 
being done in the case of the diabetic 
who has lost his power to oxidize sugar. 
He is being given insulin which replaces 
the product which he can no longer syn- 


thesize, and the unfortunate individual 
is being saved from a living death. The 
sugar-beet by means of its leaves gathers 
carbon dioxide and kinetic energy. 
Through its roots it drinks in water. In 
the cell they are transformed into 
sucrose. Some time in the future will 
the sugar factory be a place in which 
carbon dioxide of limestone through the 
intervention of catalysts is made to com- 
bine with water, thus producing formal- 
dehyde, which on condensing yields 
sugar? 

Having synthesized the carbohydrates, 
why not the fats, and finally the pro- 
teins, and thus the laboratory in place 
of the field become the source of the food 
of man? This I grant is imaginary and 
to-day sounds like a dream. But we 
must remember that synthetic alazarine 
red and indigo blue have replaced the 
natural products from the madder and 
indigo plants. Camphor no longer comes 
only from the camphor tree. The S3^- 
thetic perfumes arc destroying the 
flower industries of Italy and France. 
Cocaine has been replaced by the syn- 
thetic product, procain, which possesses 
all the anesthetic properties of the nat- 
ural product and is devoid of its toxicity. 
Synthetic products bid fair to accom- 
plish in the case of pneumonia, tubercu- 
losis and cancer what salvarsan and 
quinine are doing in the case of syphilis 
and malaria. To-day it is possible that 
a synthetic drug will conquer that hor- 
rible plague, leprosy. Hence, it requires 
a vivid imagination to even portray the 
possibilities of the future. 

We have seen how rich has been the 
harvest from a functional study of the 
living cell. No less interesting and re- 
munerative has been the structural 
study. All recognize that there are no 
two men exactly alike. The cattleman 
tells us that he has no two cattle alike, 
the sheepherder that there are no two 
sheep alike, the botanist that no two 
leaves or blades of grass are alike, and 
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now the biologist tells us that the pro- 
teins composing our tissues are different 
from those composing the tissues of other 
individuals. Our individuality goes 
back to each individual cell. True, they 
are composed of the same amino acids, 
but these are arranged in different com- 
binations. Now, from the nineteen 
amino acids could there be produced 
enough different proteins for all? Cal- 
culating the theoretical number of per- 
mutations and combinations we find 
there to be no less than two million b:l- 
lion different proteins. These, while the 
stream of life is coursing through the 
living cell, are held in a certain labile 
position. When death comes they swing 
back to the stable. 

Throughout the study of the living 
cell one is impressed with the order, the 
correlation, the smooth and compact way 
in which the reaction goes on in the liv- 
ing cell in opposition to the many imi- 
tative methods of man. One example 
will make this clear. Man fixes nitrogen 
by means of a gigantic arc light in a 
chimney through which a current of hot 
air is blown. The flaming disk has a 
diameter of seven feet and reaches a 
temperature in the neighborhood of 
6,300 degrees F. The product dissolved 
in water gives us nitric acid. In another 
method air is cooled to — 194 degrees 
C., the nitrogen boiled off, mixed with 
hydrogen in the proportion of 1 to 3, 
heated to a temperature of 1,300 degrees 
C., and then passed over finely divided 
uranium. There results ammonia. Thus, 
in synthetic i)rocesses great variations in 
temperatures and huge, complicated, ex- 
pensive apparatus are used. 

When the bacterial cell fixes nitrogen 
there is also a real conflagration in which 


plant residues act as the fuel and the 
bacterial body the furnace. But how 
different are the two ! The living cell is 
90 per cent, water and weighs only one 
two-hundredth million of a milligram. 
It works in the dark, damp, warm soil 
and generates little heat and no light. It 
produces not simple nitric acid and am- 
monia but the highly complex proteins. 

This living cell is an engine which not 
only does its work, but it repairs its own 
wornout parts. It works by means of 
enzymes. The reactions of each are ac- 
curately timed to meet the reactions of 
all the others and to meet the require- 
ments of the living cell. Old protoplasm 
is torn out, new is made to take its place. 
The carbohydrates and fats are syste- 
matically fragmented so the energy is 
nicely liberated to meet the needs of the 
living organism. However, when tlie 
master of ceremonies, life, departs, each 
works independent of the others. They 
pull and they tear until they destroy 
their very home. It is as if they are 
vying with each other to see which can 
do the most damage. 

‘‘And now to-day in the electron of 
the atom and in the germ cell of living 
protoplasm, we have at last come upon 
God in his workshop and exclaimed, ‘It 
is all machinery!’ The spiritualist has 
said, ‘Behind it is the breath of God!’ 
One has found a universe that works, the 
other a universe that is significant. One 
has found the tools ; the other, the work- 
man. But whether he be a mechanist or 
vitalist, materialist or spiritualist, both 
are agreed that the endless discovery of 
natural law is the only way to cooperate 
with it. This alone is organic morality ; 
this alone is progress.” 
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The popular belief that Francis Bacon 
was the founder of modem science is so 
flagrantly in contradiction with all the 
facts of the history of science and so 
patently belied by the contents of 
Bacon’s ‘‘Sylva Sylvarum” or the sec- 
ond book of his Novum Organum” that 
it is most instructive to inquire how such 
an absurd belief ever gained currency 
among educated people. Unfortunately, 
however, the history of science previous 
to the seventeenth century is practically 
a closed book to those without both a 
classical and a scientific training. Even 
professional historians like Professor 
Robinson in his “Mind in the Making” 
seem to confirm the conventional fable 
that there was no science before the sev- 
enteenth century. Some indications, 
therefore, of the actual situation must 
be set down at the beginning. 

(1) No one can well dispute the fact 
that the great body of modern science 
rests on foundations already laid before 
the appearance of the “Novum Or- 
ganum” in 1620. One needs only to 
mention the work of men like Coperni- 
cus, Kepler, Galileo, Stevinus and Gil- 
bert in physics, or of Vesalius and Har- 
vey in biology — omitting, for simplicity 
of argument, the great mathematicians 
from Archimedes to Tartaglio and Car- 
danus. As all these men had long lines 
of predecessors as well as fellow-workers. 
Bacon’s repeated claim that there was 
altogether no well-established science 
based on experience before he came on 
the scene would in any other man be 
characterized as the claim of a crank 
or charlatan. Ignorance on Bacon’s 
part is too generous an excuse. For he 


certainly must have known something 
of the epoch-making scientific work of 
Harvey, whom he knew personally. 
Does this not make it appear that 
Bacon’s exaggerated claims to original- 
ity as to scientific method was the cour- 
tier’s desire to gain prestige in the eyes 
of King James t Certainly his treatment 
of Gilbert’s unpublished writings which 
were entrusted to him did not show any 
disinterested desire for the spread of 
truth. 

(2) But whatever we may think of 
the fact and the motives for Bacon’s 
ignoring the scientific work of his own 
and previous time, there is the still more 
significant fact that he positively op- 
posed the great constructive scientific 
achievements of his day — the achieve- 
ments on which subsequent scientific 
progress has in fact been based. 

(a) He opposed, for instance, the 
Copernican astronomy which had re- 
ceived notable confirmation in his day 
through the scientific work of Kepler 
and Galileo. This fact is so glaring that 
many of Bacon’s admirers have resorted 
to strange arguments to minimize it. 
They have attempted to do so either by 
softening the statement of the fact or 
by trying to find some justification for 
Bacon’s position. Neither of these argu- 
ments, however, is in the least tenable. 

Despite the beclouding efforts of 
Whewell and others. Bacon’s opposition 
to the Copernican astronomy was em- 
phatically explicit. In his * ^ De Augmen. 
Scient.,”^ he speaks of “the extravagant 
idea of diurnal motion of the earth, an 
opinion which we can demonstrate to be 

1 Book III, Ch. 4. 
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most false.’’ This he repeats in the 
Novum Organum.”* 

Those who try to save the prestige of 
Bacon by claiming that in his day the 
evidence for the Copernican astronomy 
was inadequate, imply that Bacon’s 
sense of evidence was superior to that 
of Kepler, Galileo and Gilbert. But this 
can not for a moment be tolerated by 
any one familiar with the mathematical 
work of Kepler, with Galileo’s demon- 
stration of the phases of Venus and 
especially with the very flimsy character 
of the evidence which Bacon himself ad- 
duced for the older view. His boasted 
proof consisted of nothing else but the 
naive repetition of the Aristotelian doc- 
trine that ''the eternal motion of revolu- 
tion appears peculiar to the heavenly 
bodies, rest to this globe. 

(b) Bacon also opposed the growing 
and fruitful method of explaining physi- 
cal phenomena as far as possible in terms 
of mechanics. This method, begun by 
the ancient Greeks and developed by the 
Italians in the latter part of the six- 
teenth century, did not appeal to Bacon, 
who believed in species spiritualis as the 
explanation of sound and that the ‘‘hu- 
man understanding is perverted by ob- 
serving the power of mechanical arts.”* 
Despite a few grudgingly approving 
words, Gilbert’s genuinely experimental 
philosophy is rejected in principle. His 
experiments with magnets® are called a 
waste of time, and his fundamental dis- 
coveries in electricity and magnetism 
which have proved basic are character- 
ized as fables,® 

(3) Not only did Bacon ignore or 
oppose what was sound in the science 
of his day, but he himself, despite all 
his grandiloquent claims, failed to make 
a single important contribution to 
science. 

aBk. I., Ch. 46; cf. Glob. Int., Cb. 6. 
•‘‘Novum Organum/^ II, 35; cf, II, 30. 
•ibid., I, 66. 

« Ihid,, I, 70. 

•ibid., II, 48. 


The only two claims in this respect 
that I have ever seen are that Bacon 
anticipated Newton’s discovery of gravi- 
tation and that he discovered heat to be 
a form of motion. Neither of these 
claims is true. 

The first claim is made by Voltaire 
in the famous essay which did more than 
anything else to establish Bacon’s great 
European reputation. But the claim 
that Bacon anticipated Newton’s law of 
gravitation is absurd on the face of it, 
since the Newtonian theory is based on 
the Copernican astronomy, which Bacon 
rejected. Moreover, Voltaire, like other 
admirers of Bacon, does not seem to have 
read Bacon with care or noticed his dis- 
tinct assertion that bodies lose weight 
below the surface of the earth.’^ New- 
ton could certainly not have been in- 
fluenced by such nonsense. Bacon’s 
knowledge that the speed of falling bod- 
ies increases as they approach the earth 
— which Voltaire confuses with the law 
of gravitation — was an old commonplace 
in no way discovered by Bacon, whose 
views went no deeper than the observa- 
tion that some bodies are heavy, some 
light, and some neither.® 

The second claim, that Bacon antici- 
pated the modern doctrine of heat as a 
form of motion, is likewise untenable. 
For Bacon rejected the atomic theory 
(‘‘Novum Organum,” II, 8), and his 
method of induction led him to infer 
that the motion which produces heat 
“should take place not in the very mi- 
nutest particles but rather in those of 
some tolerable dimensions.”® 

How far Bacon himself was from mak- 
ing any fruitful contributions to science 
is amply illustrated by the observations 
and conclusions on almost every page of 
bis “Sylva Sylvanum” and other pre- 
tended sciPTifific works. A few examples 
from the more widely read “Novum Or- 
ganum” may be cited : Refusing to grant 

Uhid., I, 33. 

8 Top. Part Sc. Ob. 3. 

»“ Novum Organum,*' II, 20. 
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that fire can ever separate the elements 
of a compound, he recommends the study 
of the spirit in every body, ‘^\«rhether 
that spirit is copious and exuberant, or 
meager and scarce, fine or coarse, aeri- 
form or igniform, etc.^'^® Or consider 
the queer jumble of unrelated phe- 
nomena in his tables of instances on 
which an induction as to heat is to be 
based, containing the following gems: 
Confined air is particularly warm in 
winter, and ‘‘the irritation of surround- 
ing cold increases heat as may be seen 
in fires during a sharp frost.’’ All 
shaggy substances are warm, and so are 
spirits of wine. Boiling water surpasses 
in heat some flames, etc. I am not un- 
aware that with due diligence somewhat 
similar absurdities may be culled from 
the pages of Gilbert, Kepler, Galileo, 
Boyle and even later writers in the 
Transactions of the Royal Society. But 
these men have positive achievement in 
science to their credit. Bacon has none. 
Nor could he very well have made any 
scientific discoveries so long as he be- 
lieved in explaining things by “spirits” 
and relying on “axioms” whereby “gold 
or any metal or stone is generated from 
the original menstruum. 

(4) Others have urged that while 
Bacon did not himself make any direct 
contribution to science, he founded the 
true method of science, the method of in- 
duction. There is, however, not a single 
authenticated record of any one ever 
making any important discovery in 
science by following Bacon’s method and 
its mechanical tables and twenty-seven 
prerogative instances. It would, indeed, 
be most amazing if the man who ignored 
or rejected what was soundest in the 
science of his day, and put down as fact 
or conclusion so many absurdities as 
Bacon did, should become the originator 
or true expounder of scientific method. 

It is true that some scientists, e.gf., 
Boyle and other founders of the Royal 

lo/feid., II, 7. 

11 Ibid., II, 5. 


Society, paid great tribute to Bacon. 
But none of their really scientific con- 
tributions was determined by the Bacon- 
ian method. It was rather the methods 
which Bacon rejected, the methods of 
Kepler, Galileo and Gilbert, that they 
followed in their successful efforts. 
Also, the idea of a society for the pro- 
motion of natural and experimental 
knowledge was developed by the Italians 
{e.g,, the Lincean Society, of which Gali- 
leo was a member) long before Bacon. 

We need not ignore the fact that in 
the first book of the “Novum Organum” 
and more especially in his doctrine of 
the idols, Bacon has given us a most 
vivid, stirring and still applicable ac- 
count of the perennial difficulties in the 
scientific study of nature. But his un- 
usually eloquent appeal for the study 
of facts as opposed to idle speculation 
was neither new nor in fact very effec- 
tive in the actual development of science. 
In the century before Bacon the Span- 
iard Vives had made the same criticisms, 
the same exhortations and almost the 
same grandiose plans. Indeed, we find 
the same appeal for the direct study of 
nature continually urged as far back as 
the twelfth century by the scholastic 
Adelard of Bath. But it is all rather 
futile. Science flourishes not on good 
intentions produced by pious exhorta- 
tions, but on the suggestion of definite 
directions of inquiry and definite work- 
able methods, and these Bacon entirely 
failed to produce. 

Bacon ’s failure is most instructive be- 
cause it shows the illusory character of 
the idea of induction which he and Mill 
after him made popular. According to 
this view the scientist begins without any 
regard for previous thought. Resolved 
not to anticipate nature, he lets the facts 
record their own tale. All this is purely 
Utopian. The facts of nature do not 
stream in on us with all their relevant 
characteristics duly marked. The num- 
ber of possible circumstances that can be 
noted about any object is indefinitely 
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large. Scientific progress depends upon 
considering only the circumstances that 
turn out to be relevant to the point of 
our inquiry. But what we consider rele- 
vant, e.g., in the inquiry as to the cause 
of cancer, depends upon previous knowl- 
edge. Hence scientific discoveries are 
not made by those who begin with an 
unbiased mind in the form of a Hhula 
rasa, but by those who have derived 
fruitful ideas from the study of previous 
science. In the absence of carefully con- 
sidered methods of observation that de- 
pend upon previous knowledge and criti- 
cal reflection, the observation of nature 
herself is sterile. Those who think they 
can start any natural inquiry without 
** anticipating nature** or making any as- 
sumptions at all are just complacently 
ignorant. In any case, any one who be- 
gins, in the Baconian fashion, to observe 
nature de novo is bound to find many 

facts** which are not so. Thus Bacon 
himself observes that cold diminishes 
after passing a certain altitude, that 
air is transformed into water,^^ that clear 
nights are cooler than cloudy oncs,'^ that 
water in wells is warmer in winter than 
in summer,'® and that the moon draws 
forth heat, induces putrefaction, in- 
creases moisture and excites the motions 
of spirits.'® Of course many of the ab- 
surd observations that crowd the pages 
of Bacon were made for him by some of 
his assistants, like the Reverend Rawley, 
or taken from popular manuals of his 
day. But they arc in any case typical 
of what untrained observers can and do 
record. No reader of Bacon can ques- 
tion his genius or the fertility of his 
mind ; but a comparison of his ideas on 
science with the works of previous scien- 
tists upon whom he heaped rhetorical 
scorn shows the utter irrelevance of 
Bacon *s ideas to the actual progress of 

« nid., II, 27. 

Sjlvanmn,'’ 27. 

14 Ibid., 326. 

i»26td., 885. 

i®/5td., 889. 


science. Thus his classification of the 
types of motion display great ingenuity. 
But all such concepts as the ^‘motion of 
liberty,** in which bodies “strive with 
all their power to rebound and resume 
their former density,** lack the direct 
relevance which we find in the ideas of 
the sixteenth-century Italian predeces- 
sors of Galileo, like Benedetti. Compare 
similarly Bacon’s vague statements 
about colors as “solitary** instances or 
white color as a “migratory** instance 
with the observations of Kepler’s “Di- 
optrics “or even with the observations on 
the rainbow in Vitello’s Optics published 
in 1270. The utter futility of the un- 
trained amateur in science is borne in on 
us when we compare Bacon’s ideas on 
the motion of the pulse, or his explana- 
tion of sex organs'^ with the contem- 
porary work of Harvey. 

No wonder that a real scientist like 
Harvey was moved to say that Bacon 
wrote science like a lord chancellor. 

How, then, in the light of the fore- 
going readily verifiable facts, are we to 
explain the tremendous extent and per- 
sistence of the tradition that looks to 
Bacon as the founder of modern science? 

The first point to note is that Bacon 
is still eminently readable, while the 
scientific works of Kepler, Galileo, Gil- 
bert and Harvey, not to mention their 
predecessors, are inaccessible to the gen- 
eral reader. The change from Latin to 
the vernacular as the language of the 
learned, together with the rapid growth 
of new technical methods since the 
eighteenth century, has made it diflScult 
for scientists themselves to read the 
works of their predecessors of the six- 
teenth or previous centuries. But Bacon 
can be read by everybody. His pithy 
sayings are sententious and quotable like 
Cicero’s. Toe general reader is carried 
away by the splendid rhetoric with 
which Bacon denounces as useless all 
previous work in science ; and his errors 

IT «« Novum Organum,** I, 27. 
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of fact or irrelevance of ideas are either 
not recognized as such or else covered 
by the very broad but unhistorical re- 
flection that they were good enough for 
Bacon’s times. 

The main source, however, of the Ba- 
conian myth is the great romantic appeal 
which inheres in the fundamental idea 
of organizing science on a new basis call- 
ing for no special aptitude or technical 
training. Technical science involves an 
arduous routine which can not be popu- 
lar with the uninitiated. The multitude 
(including scientists away from their 
special domain) will always delight in 
any plan for a new deal in science — "a 
discovery which will lead to the discov- 


ery of everything else,*^** or **a 83rnopsis 
of all the natures that exist in the uni- 
verse. ”*• That which makes utopias 
spring up perennially is found in Bacon ’s 
idea that if his system could be estab- 
lished ^Hhe invention of all causes and 
sciences would be the labor of but a few 
years.”*® Especially in an age that be- 
lieves in democracy and mechanical 
progress it is pleasant to be told that 
science exists for material enrichment 
and that everything can be achieved by 
rules leaving little to superior wits.** It 
requires painful efforts to disabuse our- 
selves of such pleasant illusion. 

1* Ibid,, I, 129. 

Ibid,, II, 21. 
itoibid., I, 112. 

21 Ibid,, I, 111 and I, 122. 
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By Dr. J. F. ROGERS 

XT. 8. BURBAU OT XDUOATION 


All mental activity is the associate of 
physical activity. It is dependent pri- 
marily on the working of nervous 
mechanisms, but these do not function 
properly without adequate support from 
the other organs. It is possible for 
brilliant exhibitions of mental activity to 
take place in comparatively feeble or 
badly diseased bodies, as witness the 
writing of the ** Essay on the Human 
Understanding’’ by the consumptive 
Locke, or the composition of his later 
quartettes by the dropsical Beethoven, 
but these are of the nature of exceptions. 
The prod iction of the former was inter- 
minably drawn out and the compositions 
of Beethoven’s last years, though rich in 
quality, were scant in quantity. 

Emerson declared that genius con- 
sists in health, in plenipotence of that 
top of condition which allows of not only 
exercise but frolic of fancy. ’ ’ Only the 
healthy frolic either bodily or mentally. 

Bernard Shaw, in his “Saint Joan,” 
defines a genius as “a person who, see- 
ing deeper than other people, has a dif- 
ferent sot of ethical valuations from 
theirs and has energy enough to give 
effect to this extra vision and its valua- 
tions in whatever manner best suits his 
or her specific talents.” There needs be 
specific talents, but there must be energy 
behind these, and of a very real, bread 
and butter origin. Certainly Joan was 
an illustrious example of this definition, 
as she was of the dictum of Emerson. 

“History is philosophy teaching by 
examples” and perhaps even more truth- 
fully and definitely biography is hy- 
giene teaching by examples, for, aside 
from the peculiar traits of nervous 
structure inherited or shaped to some 
degree by experience, the accomplish- 


ment of the great man, whether in quan- 
tity or quality, depends on his general 
physical development and the care which 
he takes of his bodily machine from day 
to day. 

How THE Great Man looked 

The great man has usually looked the 
part. Lowell said of Emerson that there 
“was a majesty about him beyond all 
the men I have ever known.” Washing- 
ton impressed those about him as being 
no ordinary man, and Dr. James 
Thatcher said “the strength and propor- 
tion of his joints and muscles appeared 
to be commensurate with the preeminent 
powers of his mind.” Goethe was lik- 
ened in his youth to an Apollo, and the 
physician Hufeland declared that never 
had he “met with a man in whom 
bodily and mental organization were so 
perfect.” Tennyson was “one of the 
finest looking men in the world.” 
Wordsworth was, according to the artist 
Hayden, “of very fine heroic propor- 
tions.” Southey looked an ideal poet, 
Byron was as beautiful as his verse and 
was likened to “the god of the Vatican, 
the Apollo Belvidere.” Leonardo da 
Vinci had a figure of beautiful propor- 
tions and a noble and engaging presence. 
Walter Scott was eminently handsome, 
“much above the usual standard” and 
“cast in the mould of young Hercules,” 
with a “fresh and brilliant complexion 
and a countenance of great dignity.” 

Physique 

The great man has not always been of 
large bulk or of tall stature. Dr. Sam- 
uel Johnson was a Polyphemus for size 
and strength, but De Quincey was, in the 
language of Carlyle, “one of the smallest 
509 
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man figures I ever saw . . . you would 
have taken him for the beautifullest lit- 
tle child/' Dumas was six feet tall and 
well proportioned. Charles Lamb was of 
diminutive stature and with a ‘‘frame 
so fragile that it seemed as if a breath 
would overthrow it. ' ' The composer and 
violinist Spohr was of “Herculean pro- 
portions," while Weber was “small, 
meagre, almost insignificant." Thomas 
Jefferson was six feet, two inches tall, 
and slender; Franklin was five feet and 
rotund. The rugged Carlyle was five 
feet eleven, the deformed and sickly 
Pope was but four feet six. 

Great men have usually been of me- 
dium stature, the best height for concen- 
tration of bodily power. Beethoven was 
five feet five, with broad shoulders and 
firmly built. Siegfried said that it 
seemed as if “in that limited space was 
concentrated the pluck of twenty battal- 
ions." Brahms was “rather short," 
“square and solidly built," ‘‘the very 
impersonation of energy." Balzac was 
five feet high, with, otherwise, “a colos- 
sal body," “his whole being breathed 
intense vitality" and “he both charmed 
and fascinated the beholder. ' ' Napoleon 
was five feet six, slender in earlier years 
and not very prepossessing, but at forty 
he is described by Captain Maitland as 
a “remarkably strong and well-built 
man. " Chalmers was of “middle height, 
thick set and brawny but not corpu- 
lent," with an “erect, royal air," 
Macaulay was short, sturdy and “mar- 
velously upright." Victor Hugo was 
erect, strongly built, with a complexion 
like that “of a ripe winter apple, fair 
and rosy as a child's and but little 
wrinkled." 

Energy and Endurance 

Michelangelo was neither tall nor 
short, fat nor thin, but very muscular 
and so well preserved that, at eighty-six, 
he is said to have sat drawing for three 
consecutive hours, until cramps in his 


limbs reminded him of his advanced 
years. Rubens was fond of horseback 
riding, did not use a mahl stick to steady 
his hand until he was fifty-seven, and 
though he lived to be sixty-three, none 
of his works shows trace of enfeebled 
powers. Titian was still wielding the 
brush with almost his earlier skill when 
he was stricken by the plague at about 
one hundred. His end “came as a sur- 
prise to his friends," says Vasari, “since 
he lived a life so strong and resisting 
that it seemed able to withstand all the 
assaults of time." 

Napoleon “could work for eighteen 
hours at a stretch at one subject or 
many." No eight-hour day for him. 
“Never," says Roederer, “have I seen 
his mind weary; never have I seen his 
mind without spring; not in the strain 
of body, wrath or the most violent exer- 
cise." One of his ministers complained 
that “it would require a constitution of 
iron to go through with what we do. 
After a day's ride in a carriage we no 
sooner alight than we mount on horse- 
back and sometimes remain in our sad- 
dles for ten or twelve hours succes- 
sively." In his fortieth year Napoleon 
rode ninety miles without stirrups in five 
hours and a half. His surgeon Percy 
said that he was “made of iron, soul and 
body, always on horseback, galloping 
about in all weathers, bivouacking, work- 
ing like ten men, never ill, never tired." 
Even his enemies declared that Napoleon 
had a capacity for work equal to that of 
four other men. 

Such powerfully built bodies were 
storehouses of energy so abundant that 
it not only displayed itself in work but 
slopped over into muscular play. Sir 
Walter Scott was as hearty and hardy as 
any of the heroes of his novels. As Car- 
lyle said, he “was intrinsically very 
much the old fighting borderer of prior 
centuries. ... In the saddle with foray- 
spear, he would have acquitted himself 
as he did at his desk with his pen. . . . 
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He could have fought at Redswire, 
cracking crowns with the fiercest, if that 
had been the task; could have harried 
cattle in Tyndale repaying injury with 
compound interest/' Despite his lame- 
ness he walked twenty or thirty miles 
with pleasure, and as a woodsman he 
wielded the axe to more effect than any 
of his tenants. 

Browning looked ''a monument of 
sturdy health." As a boy he was the 
swiftest runner and best ball player in 
his school. He was a fine horseman, was 
a tireless walker and was proud of his 
strength. Only in the latest months of 
his eighty-four years did he show failure 
of his mental powers. Wordsworth at 
sixty walked twenty to thirty miles a 
day, was without match as a mountain 
climber and was still the crack skater 
of Rydal Lake." 

Gh)ethe in his younger years excelled 
all his companions in active sports. He 
could skate all day and into the night, 
and his love of swimming was so great 
that he braved the water in December. 
Even when beyond eighty he was still so 
vigorous as to produce truly remarkable 
works. Richard Person, the famous 
Greek scholar, "had great bodily 
strength and often walked from Cam- 
bridge to London, a distance of fifty-two 
miles, to attend his club in the evening." 
Alexander Von Humboldt in some of his 
expeditions was on foot for fourteen 
hours a day, and at sixty "climbed high 
mountains without show of fatigue." 
"In my travels," he says, "I kept my 
health everywhere. I passed through 
the midst of black vomit and yellow 
fever untouched." 

Many great generals were remarkably 
robust. Prince Eugene was possessed of 
great muscular strength, as was also 
Marshal Saxe and Turenne. Washing- 
ton excelled even the hardy hunters and 
woodsmen in athletic feats. He said of 
himself, "I have a constitution hardy 
enough to encounter and undergo the 


most severe trials and I flatter myself 
resolution to face what any man dares," 
He was a strong swimmer, was very fond 
of dancing and horseback riding. His 
diary shows that he rode on many occa- 
sions as much as sixty miles a day, and 
Lawrence Washington tells us that he 
"usually rode from Rockingham to 
Princeton," a distance of five miles, "in 
forty minutes." His only demand of a 
horse was that "it would go along." 
Any viciousness of the animal mattered 
not at all to this bold rider. At Mount 
Vernon his favorite sport was fox hunt- 
ing, and, three times a week he had, by 
candle light, his breakfast of "three 
small Indian hoe cakes and as many 
dishes of tea" and was off with the 
hounds before sunrise. Thomas Jeffer- 
son spent so much time over his studies 
that he had for his sole exercise while in 
college a rapid run in the evening to a 
certain stone a mile distant in the coun- 
try and return. Like Washington, he 
was, in his earlier years, fond of danc- 
ing. He often walked fourteen miles at 
a stretch, and to within a few days of 
his death it was his habit "no matter 
what his occupation, or what office ho 
held, to spend the hours between one and 
three in the afternoon on horseback." 
At the age of seventy he sometimes rode 
as much as forty miles. Franklin was 
a great swimmer. On one occasion he 
swam for four miles in the Thames, 
"performing in the way many feats of 
activity, both upon and under the 
water." He obtained such a reputation 
as a water dog that he thought seriously 
of becoming a teacher of swimming. 
Even at forty he still swam for two 
hours at a stretch. He astonished his 
fellow printers by carrying two forms of 
type to their one, and, in his old age, he 
was fond of displaying his strength by 
lifting heavy books. Because of his size 
and strength Dr. Samuel Johnson was 
advised by a certain luckless publisher 
to get a porter's knot and turn porter. 
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Set upon one night by four footpads, he 
kept them at bay until the watch came 
up. He frequently in his younger years 
walked from Litchfield to Birmingham 
and back again, a distance of thirty 
miles, without fatigue, and in his trip to 
the Hebrides Boswell says that ‘‘ninety- 
five days were never passed by any man 
in more vigorous exercise.*^ He was a 
bold swimmer, and though he ordinarily 
moved like a manacled elephant, he at 
sixty-eight writes delightedly, “I ran a 
race this day and beat Baretti.** Rob- 
ert Bums was very robust until alcoliol 
and a morbid outlook on life got the 
better of him, and his finest songs came 
to him wliile following the plough when 
most of us would be too exhausted to 
use our brains. Byron was a skilful and 
strong boxer and he swam the Hellespont 
in an hour and ten minutes. Poe, before 
he became a victim of alcohol, was a good 
runner and jumper, but was especially 
distinguished as a swimmer. When fif- 
teen he swam in the James River for six 
miles against a strong tide without ap- 
parent fatigue. Dean Swift enjoyed 
walking and boating, but preferred rid- 
ing, thinking it good for liver and brain. 
He punningly wrote to Archbishop King 
that he “rowed after health like a water- 
man, and rode after it like a post boy.“ 
Keats was very robust until after 
twenty-two. He was short but broad- 
shouldered and was the best fighter in 
his school. He lived a “clean and stren- 
uous life.“ After the development of 
tuberculosis he tramped thirty miles a 
day in sun or rain in a vain attempt to 
rid himself of his malady. The poet, 
Southey, thought nothing of a walk of 
twenty-five miles when upward of sixty, 
while Shelley, who was especially fond 
of boating, though slightly built, “could 
take an oar and could stick to a seat for 
any time against any force of current or 
of wind, not only without complaining, 
but without being compelled to give in 
until the set ta.sk was accomplished, 


though it should involve some miles of 
hard pulling/’ 

Dickens found rest and recreation in 
walking — “twelve, fifteen, even twenty 
miles a day were none too much for 
him,” and on one occasion he turned out 
early and did thirty miles before break- 
fast. “Swinging Ids blackthorn stick,” 
says Fields, “his little figure sprang for- 
ward over the ground, and it took a 
practiced pair of legs to keep alongside 
of his voice. ’ ’ Mark Twain ’s biographer, 
Paine, says of him “in no other man 
have I ever seen such physical endur- 
ance.” 

Though seemingly “an air fed man,” 
Charles Lamb was “as wiry as an Arab” 
and “could walk all day.” Carlyle at 
eighty-two still walked five miles a day. 
Tolstoi was an expert swimmer, enjoy- 
ing the water after sixty-five. At sixty- 
six he learned to ride a bicycle and to do 
so without the handle bar. He was an 
excellent rider, and in his later years he 
delighted in all manner of manual work. 
At fifty-eight Tolstoi walked from Mos- 
cow to Yasnasa, a distance of one hun- 
dred and thirty miles, in three days. He 
started with three young men, two of 
whom broke down by the way. Tolstoi 
reached the end of his journey in a 
merry mood and declared he had never 
enjoyed anything so much in his life. 
John Wesley, while of slight physique, 
was an expert swimmer and his journal 
has been called “the most amazing rec- 
ord of human exertion ever penned.” 
Eight thousand miles was his annual 
record for travel on foot and on horse- 
back for many a long year, and “he 
spoke oftener and to more people than 
any man who ever lived.” Coleridge, 
one day of the year in which he wrote 
the Ancient Mariner, walked forty miles 
without apparent fatigue. Beethoven, 
whether it rained or snowed or hailed, or 
the thermometer stood an inch or two 
below the freezing point, took his walk 
in double quick time of five miles or more 
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into the country. Brahms was a tireless 
mountain climber, and Wagner was the 
best “tumbler and somersault- turner of 
the large Dresden school, “ was a daring 
mountain climber and when nearly sev- 
enty delighted to astonish his friends by 
standing on his head. Tchaikowsky read 
somewhere that, in order to keep in 
health, a man ought to walk for two 
hours a day and he followed this rule 
“with as much conscientiousness and 
superstition as though some terrible 
catastrophe would follow should lie re- 
turn five minutes too soon. Leonardo 
da Vinci excelled all the youth of his 
city in athletic feats and Turner walked 
twenty miles or more a day, working as 
he walked. Emerson at twenty took a 
pleasure walk of forty miles into Con- 
necticut and at thirty-four mentions in 
his journal a walk with Hawthorne of 
twelve miles. Even the delicately made 
and “washable away“ DeQuinccy con- 
sidered fourteen miles as essential to his 
health, and at seventy he often walked 
seventeen miles a day. 

Sources of Energy 
But such display of energy on the part 
of the great man means that there was 
a source of energy behind it. There 
must be an adequate supply of fuel to 
keep the engine working at such a pitch 
of perfection. Francis Gallon, in his 
study of men of genius, observed that 
“most notabilities have been great eaters 
and excellent digesters on literally the 
same principle that the furnace which 
can raise more steam than usual for one 
of its size must burn more fully and well 
than common. ^ ^ Tom Tyers remarked of 
Dr. Johnson that “his bulk seemed to 
require now and then to be repaired by 
kitchen physic. “ Though Johnson de- 
clared that he “had never been hungry 
but once,“ he always ate “with the 
fierceness of the famished. “ “I never 
knew a man,’’ says Boswell, “who rel- 
ished good eating more than he did.’’ 


He was an exacting guest, and when a 
meal to which he was invited was a dis- 
appointment to him he would remark to 
Boswell, “this was a good dinner 
enough, to be sure, but was not a dinner 
to ask a man to. ’ ’ His remarks on feed- 
ing are characteristic, honest and wise. 
“Some people,” he said, “have a foolish 
way of not minding, or pretending not 
to mind what they eat. For my part, I 
mind my belly very studiously and care- 
fully; for I look upon it that he who 
does not mind his belly will hardly mind 
anything else.” The great man is more 
often but half conscious of what he eats. 
He is seldom, and the greatest man 
never, an epicure. He is concerned with 
larger matters. Napoleon in his earlier 
years gave very little thought to his eat- 
ing. He ate hurriedly, his dinner last- 
ing from seven to twelve minutes. He 
preferred plain dishes and was most 
fond of chicken, red mullet, roast mut- 
ton, beans, lentils and macaroni. He 
had chocolate or ices served in the midst 
of his work. As emperor he became 
more interested in pastries and grew 
obese from excess of food, but, for his 
time, he was considered a temperate 
feeder. 

Washington’s breakfast consisted of 
three small corn cakes, sometimes with 
honey, and of three dishes of tea. At 
dinner “he ate heartily, but was not 
particular in his diet, with the exception 
of fish, of which he was exceedingly 
fond.” lie partook sparingly of dessert 
and when served any dish that was very 
rich he refused it with the remark, 
‘‘That is too good for me.” His supper 
consisted of two cups of tea with or with- 
out toast. Jefferson ate heartily but 
mostly of vegetables, of which he raised 
a great variety. Franklin in liis printer 
days tried vegetarianism partly for the 
sake of economy, partly for bodily bene- 
fit. He, however, returned later to the 
use of meats, and, as in the case of Napo- 
leon, in his years of prosperity the pleas- 
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ure of the table often got the better of 
his bodily activities, and he suffered the 
consequences in attacks of gout. How- 
ever, he was quite aware of his fault and 
so kept his intemperance within such 
bounds that to the latest years of his long 
life he was in condition for superior 
mental work. 

Dean Swift “cared not for luxurious 
feeding. He would enjoy a herring with 
Vans or bacon and beans with Addison 
as much as he did turtle with the Pre- 
mier. When Bolingbroke sent him the 
menu of a luxurious dinner’’ he replied, 
“Poohl I care nothing for your bill of 
fare, send me a bill of your company.” 

Michelangelo is pictured in his last 
years by Condi vi as “healthy above all 
things, as well by reason of his natural 
constitution as of the exercise he takes, 
and habitual continence in food. ’ ’ When 
intent on some work he “confined his 
diet to a piece of bread which he ate in 
the midst of his labors.” He was 
pleased with a present of fifteen mar- 
garine cheeses and fourteen pounds of 
sausage — “the latter very welcome, as 
was also the cheese.” Beethoven paid 
little attention to his eating but was 
fond of fish and of macaroni with Par- 
mesan cheese. His breakfast was usually 
coffee and his supper a plate of soup. 
Brahms “was extraordinarily modest in 
his daily life. Thirty-five to forty cents 
was the most he spent for his dinner and 
this includes (the cost of) a glass of beer 
or a half pint of wine.” Both he and 
Beethoven were very fond of coffee. 
Wagner was frequently changing his 
diet to test its effect. His biographer 
says that “what he underwent in vain 
attempts to diet himself into robust 
health is almost past belief.” He was 
always a meat eater. “I eat no sweet 
stuffs,” he writes, “only meat, as one 
may hear, I believe, in my music. ’ ’ 
Dumas was interested in affairs of the 
kitchen and was a master cook. He in- 
vented a salad “without vinegar or oil” 


and other dishes. He “was moderate 
and select in the matter of his own 
food” and was “abstemious in drink.” 
In the midst of one of the cholera epi- 
demics his son found him seated alone 
and devouring several melons. “Don’t 
you trouble,” he said in reply to the ex- 
clamation of horror, “this is just the 
right time to eat them — ^you can get 
them for nothing.” 

Scott did most of his literary work 
before breakfast and this was his chief 
meaL “No fox hunter,” says Lockhart, 
“ever prepared himself for the field 
with more plentiful delicacies of a 
Scotch breakfast, with some solid article, 
on which he did most hearty execution — 
a round of beef — a pastry, such as made 
Gil Bias’ eyes water, or, most welcome 
of all, a cold sheep’s head. ... A huge 
brown loaf flanked his elbow. . . . But 
this robust supply would have served 
him in fact for the day. He never tasted 
anything more before dinner, and at 
dinner he ate sparingly.” Field said of 
Dickens that he had rarely seen a man 
eat and drink less. 

Emerson took whatever was set before 
him and enjoyed it. Pie formed a part 
of his breakfast and was the first thing 
attacked. He had two cups of coffee for 
breakfast and tea for supper. “Rarely 
he noticed and praised some dish in an 
amusing manner, but should any men- 
tion of ingredients arise he always inter- 
rupted with, ‘No! No! it is made of vio- 
lets; it has no common history,’ or ex- 
pressions to that purpose. He tried 
vegetarianism at the suggestion of 
Alcott, but finding no benefit in it he 
returned to the use of meat once a day.” 
Goethe had a cup of chocolate at eleven 
and his dinner at two. For this meal 
“his appetite was immense. Even on 
days when he expressed himself as not 
being hungry he ate much more than 
most men. Puddings, sweets and cake 
were always welcome.” Between eight 
and nine he had a frugal supper of a 
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salad and preserves. ” DeQuincey 
noted that Charles Lamb was peculiarly 
temperate in eating, and the same could 
bo eaid of DeQuincey, for coffee, rice, 
milk and a square inch or two of mutton 
were the materials that invariably made 
up Us meals. 

The great genius has sometimes become 
so absorbed in his labor that he has 
negdccted for long periods to take in 
fuel, and when he did so, he has had to 
make up for the omission. Balzac dur- 
ing his spells of composing would work 
for “eighteen to twenty hours daily for 
weeks, seeing no one, eating sparingly, 
sipping his coffee, and refreshing his 
jaded anatomy by taking a bath, in 
which he would lie for a whole hour 
plunged in meditation.” After such a 
fast he once appeared suddenly and at 
a restaurant ordered and practically 
consumed all the following: “a hundred 
oysters; twelve chops; a young duck; 
a pair of roast partridges ; a sole ; a rel- 
ish; sweets; fruit (more than a dozen 
pears being swallowed) ; choice wines; 
ooSee and liquids.” 

The great man has been as temperate 
in drink as in meats. He is too keenly 
conscious of the depressing effects of 
alcohol not to avoid its influence. Some 
few, like Bismarck and Dr. Johnson, 
could consume enormous quantities with- 
out apparent effect, but the latter aban- 
doned his excessive consumption, observ- 
ing that “wine gives a man nothing. It 
neither gives him knowledge nor wit; it 
only animates a man, and enables him to 
bring out what a dread of company has 
suppressed. . . . But this may be good 
or it may be bad.” It is “one of the 
disadvantages of wine that it makes a 
man mistake words for thought.” 
Schubert and Bums purposely drowned 
their hypersensitive souls in wine, and 
suffered the consequences as did Poe, 
while Thackeray shortened his days with 
dinners and drinks. Herbert Spencer 
took opium for sleeplessness and Cole- 


ridge and DeQuincey because of bodily 
pain, and the latter manfully threw off 
the yoke of bondage after he had reached 
a dose of eight thousand drops. Even in 
an age when alcohol was a part of every 
meal, Wordsworth and Shelley drank 
only water, and while Keats possibly 
found inspiration from wine, De- 
Quincey ’s “most deadly certainty of 
failure was the touching of anything in 
the nature of wine or spirits.” Wagner 
was disgusted with the wine bibbing and 
beer indulged in by those who celebrated 
his birthday. 

Rest 

It is often said of great men that they 
needed and took but few hours of sleep. 
It is true that in their desire to accom- 
plish as much work as possible they 
have spent no more hours in bed than 
was necessary, but those who lound that 
less than six or eight hours would suffice 
them were very few. Alexander von 
Humboldt, Linnaeus, Cuvier, Dumas, 
Bismarck and the composer Dvorak are 
all the four-hour sleepers I have come 
upon in a long list of distinguished men. 
Napoleon, who is sometimes mentioned in 
this class, took from six to eight hours 
and did not hesitate to nap in the day- 
time and even in the midst of conversa- 
tion. He could go for long periods with- 
out sleep, but he always condemned him- 
self to correspondingly long periods of 
rest afterward, sleeping on one occasion 
for thirty-six hours at a stretch. 

Goethe was a very sound sleeper, and 
Descartes, who is said to have done more 
original work than any man of his cen- 
tury, slept a great deal. Brahms could 
sleep at will and under any conditions 
and Dumas, “after writing for some 
hours at a .stretch, would suddenly fling 
himself on his bed, and in a few seconds 
bo sound asleep; fifteen or twenty min- 
utes later he would wake up again with 
equal abruptness and return to work — 
a giant refreshed,” 
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The great man has, because of his con- 
cern for fitness for his task, tried to keep 
himself in superior health, though this 
was not always possible. A few bril- 
liant geniuses have fallen early victims 
to the bacterial scourge of the day which 
fell upon the strong and weak. Raphael 
was carried off by bubonic plague, Mo- 
zart by typhus fever, Keats, Chopin and 
Weber and others by tuberculosis. A 
few great men, a very few, through 
over-sensitiveness to their treatment by 
the world, lost their genius and their 
lives by dissipation. Sad examples of 
these are Burns, Schubert and Poe. 
Jonathan Swift was early attacked by a 
disease of the ear which extended to his 
brain and clouded his later life. He 
fought it tooth and nail, though without 
effect. He wrote at fifty -five, without 
health and good humor I would rather 
be a dog.’* 

The Shackles of Sickness 

A few great people, robust in early 
life — Darwin, Carlyle, Spencer, George 
Eliot and others — ^suffered from ill 
health in middle life and were limited 
in their working hours probably from 
the disastrous results of eyestrain. Her- 
bert Spencer, at the age of thirteen, in 
a fit of homesickness, walked from school 
to his home, covering forty-eight miles 
the first day, forty-seven miles the sec- 
ond and twenty the third. Though he 
seemed little the worse for this journey, 
this, with his later engineering work of 
eighteen hours a day, may have been 
sufficient to injure his highly strung ner- 
vous system. 

Taine, the eminent French scholar, set 
for himself in youth a daily program of 
mental toil, with only twenty minutes’ 
play after dinner and an hour of music 
in the evening. Not an eight hour, but a 
sixteen hour day. By thirty his mental 
machinery was working badly, and his 
program had for years to be reversed, 
80 that he read or wrote for an hour or 
two and spent the rest of the time in 


gardening, in twelve-mile walks and the 
like vegetative occupations. Writing at 
thirty-four he says: ^^I am like a vio- 
lin of which the pegs are too small; 
having become worn out from being oon« 
stantly turned, they no longer bite the 
wood but slip and let the strings become 
loose, so loose that the sound is spoilt and 
often altogether absent.” Nevertheless, 
a man who can undertake twelve^mile 
walks is no weakling and perhaps Dr. 
Gould was right in attributing his ail- 
ments and distress in mental work to 
eyestrain ; he certainly showed some 
symptoms, but the ” intellectual” pace 
set in his early program was neverthe- 
less a hazardous one. 

Lord Bacon spoke of himself as ”a 
man of no great share of health who 
must therefore lose much time.” Spi- 
noza early suffered from disease and was 
an invalid by forty. John Locke kept 
his frail body in health until thirty-five, 
but from that time he suffered from lung 
disease which “painfully impeded bis 
schemes of work and occasionally in- 
duced states of mind altogether at vari- 
ance with its otherwise robust charac- 
ter.” He was twenty years in writing 
his famous “Essay on the Human Un- 
derstanding.” It was done, he tells us, 
“by incoherent parcels and after long 
intervals of neglect.” No man was more 
keenly impressed with the value of 
health, and his “Thoughts on Educa- 
tion” begins with the words, “Our clay 
cottage is not to be neglected” — for “he 
whose body is crazy and feeble will 
never be able to advance in it.” 

Immanuel Kant is the most remarkable 
of the great men of frail physique. 
“Possibly a more meager, arid, parched 
anatomy of a man has not appeared on 
this earth.” He was so delicate that it 
is said that he took cold from handling 
damp proof-sheets. Yet by the utmost 
care he kept himself for nearly foui> 
score years in the nicest of health, “like 
a gymnastic artist,” as he expressed it, 
“balancing himself upon the slack rope 
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of life without once swerving to the 
right or to the left/’ However, despite 
the great sway of his influence over the 
thought of the world, he found himself 
disturbed in his larger plans by the nar- 
row limits of bodily power within which 
they must be worked out. 

Edwin Booth was limited in his phys- 
ical endurance and found himself too 
exhausted after his acting for further 
exercise, while Lord Lyons, one of Great 
Britain’s most distinguished diplomats, 
worked most exceptionally to within a 
month of his death at seventy, with only 
so much muscular exercise as was neces- 
sary to get him about his house and to 
his carriage. 

St. Bernard, St. Francis and Savon- 
arola are said to have injured their 
health by over-enthusiastic fasting and 
other ascetic practices, while Martin 
Luther, after starving himself in the 
monastery to the point of emaciation, 
went, after his break with Rome, to the 
opposite extreme and suffered the con- 
sequences of high living. He drank 
wine, as he put it, ‘‘to spite the devil,” 
that is, the devil in the form of monasti- 
cism. He meant well, however, for he 
said, ‘‘We ought to do our part, and 
take care of our bodies ; but when we are 
tempted, abstinence is a hundred times 
worse than eating and drinking.” 

Many great men, like Johnson and 
Dickens and Gibbon and Macaulay and 
Watt and Turenne, were very delicate 
children who by special care attained 
superior health and lived a long life. 
Another of this group, Descartes, said 
of himself: ‘‘The conservation of health 
has always been the principal end of my 
studies.” 

Physique and Profession 

Of the great men already mentioned 
it will be noted that the artists and mu- 
sicians and poets are, contrary to the 
usual notion, quite as robust as the sol- 
diers or statesmen. It was pointed out 
by Francis Galton that of all groups of 


the great the clergymen who have at- 
tained distinction show the greatest num- 
ber of physically inferior men. There 
are good reasons for this in that to 
within very recent times the spirit of 
asceticism so swayed the church that the 
body was too often looked upon with in- 
difference, if not with contempt, by its 
ministers, the ministry itself was looked 
upon as fit only for the feeble and was, 
because of the general atmosphere of 
asceticism in which it was shrouded, 
shunned by the more robust. Phillips 
Brooks said that he felt he was giving 
up his manhood when he entered upon 
the work of the ministry. All this is 
changed and with it the physique of the 
minister is changing. The delicate child 
is no longer considered by his parents 
as predestined a preacher. In a recent 
installation of a clergyman in a pulpit 
of direct Puritan descent, a conspicuous 
part of the charge to the new incumbent 
referred to the care he should take to 
preserve his health and strength, since 
on these the whole success of his work 
would depend. 

Francis Thompson has pointed out 
that we moderns are scourged quite 
enough with dyspepsia and other ail- 
ments without the use of the whip or the 
hair shirt. As shining examples of the 
robust great man in the pulpit, we have, 
besides Phillips Brooks, who was never 
sick, Beecher, who knew no fatigue he 
could not sleep out in a night, Spurgeon, 
Chalmers and many other giants. 

Philosophy has also enrolled in her 
ranks many men of frail physique, as 
Kant and Spinoza and Bacon, but it has 
also had among its followers such robust 
beings as the hardy, hoplite soldier Soc- 
rates, the ‘‘healthy and high spirited 
Mill,” and ITobbs, who at seventy was 
an enthusijstic tennis player and who 
still wielded his pen at ninety. 

The Great Man as Health Teacher 

The man ambitious to work out his 
life task in the most perfect manner has 
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felt more keenly than the man of lesser 
inspiration the need for the most sensi- 
tive and enduring bodily instrument 
with which to accomplish his work. 
Feeling so keenly the handicap of ill 
health he has had a finer insight into the 
laws of health. The most eloquent ser- 
mons on hygiene are to be found, not in 
the professional health books of the day 
but in the writings of such men as 
Moli^re, Cervantes, Montaigne, Michel- 
angelo, Walter Scott, John Wesley, Car- 
lyle, Bacon, Smollett, Rabelais, Locke, 
Voltaire, Johnson, Swift, Berkeley, 
Beecher, Franklin, DeQuincey, Kings- 
ley, Browning, Francis Thompson and 
Emerson. 

Though these and many more great 
men have preached the precepts of 
health, they would have been the last to 
have given health undue concern or to 
have desired others to do so. In fact it 
is one of the secrets of their own health 
and accomplishment that they made the 
quality and quantity of their work the 
test of health. Idleness and introspec- 
tion are ruinous to health. Health is de- 
veloped most by the exercise of all one’s 
faculties in absorbing work. One must 
lose himself to find himself. The real 
invalid Molidre laughs at the man who 
makes himself miserable with imaginary 
ills, and Joseph Addison, suffering as be 
was from asthma, devoted one of his 
essays to the folly of paying undue at- 
tention to health. *‘I do not mean,” 
he says, ”that I think any one to blame 
for taking due care of their health, on 
the contrary ... a man can not be at 
too much pains to cultivate and preserve 
it. But this care . . . should never en- 
gage us in groundless fears, melancholy 


apprehensions and imaginary distem- 
pers, which are natural to every man 
who is more anxious to live than how to 
live.” 

The composite picture obtained from 
this study of great men — ^the picture of 
the great man is that of a being who 
made the most of his bodily possessions. 
Usually these were strikingly superior. 
Seemingly they unfolded apace to fit the 
aspirations of the spirit within, for it 
was noted by Plato that it is not the good 
body that improves the soul so much as 
the good soul that improves the body. 
Not only does the great man, the truly 
great man, care, according to his knowl- 
edge, for his own body, but he is so keenly 
sensitive to any hampering by bodily 
imperfections or missteps that he has 
often felt called upon to preach the 
gospel of health to others, and his 
sermons have been of the highest value. 
The exceptions to the picture which 
we have noted have been the lesser 
men. Because they were exceptions, 
they fall outside the composite and if 
they blur it, they also produce a shadow 
which intensifies the figure it surrounds. 

We can not all satisfy our ambition to 
be great, but we may at any rate come 
nearer attaining that end if we look with 
the respect of the great man upon the 
physical foundations on which all our 
work and pleasure depend. The ex- 
clamation of the slowly dying John 
Locke sounds across two centuries like 
a trumpet call: “While we are alive let 
us live,” for, to repeat the words of 
Michelangelo, “a man does not come 
back again after death to patch up 
things ill done.” 
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Plashing brighter and brighter in the 
firmament of modem science is the ris- 
ing star of child study. Yet the growing 
interest manifested in the scientific un- 
derstanding of child behavior is of 
rather recent origin. Before the present 
century, as a matter of fact, scientific 
child study can hardly be said actually 
to have existed. True it is, of course, 
that such eminent formulators of peda- 
gogic theory as Rousseau and Pestalozzi 
— and a few others — attempted to repose 
their multifarious educational precepts 
upon their understanding of child na- 
ture. Unfortunately, however, their 
knowledge of children was circumscribed 
and scanty. Saturated, moreover, with 
philosophic theory the traditional meth- 
ods of research of the old type of child 
study were based for the most part upon 
introspection and uncontrolled observa- 
tion. Whatever permanent results such 
methods achieved were due in large mea- 
sure to the pedagogic intuition of a few 
far-sighted investigators rather than to 
any keenness or intrepidity of research. 
Moreover, when the penetrating light of 
science actually began to illuminate the 
field of child study, the attempt was usu- 
ally made to seep over the entire area of 
child development in as general a way 
as possible. This generalizing attitude 
was due largely to the influence of the 
early pioneers in child study for whom 
there was of course little need for spe- 
cialization since the field itself was as 
yet quite untilled. 

However, this early attitude, while 
still existent among a few eminent child 
psychologists, especially in the Old 
World, is, nevertheless, gradually disap- 


pearing. In our own country to-day 
child study is indeed a field of special- 
ization. This is the result in part of the 
rapid development of the field in gen- 
eral and also the constantly increasing 
number of new problems. Moreover, in 
view of the growing tendency to see in 
psychology a study of human behavior 
rather than of the human mind, child 
study is gradually emancipating itself 
from the impeding tentacles of tradition. 
As a result it is beginning to study chil- 
dren more and more from the point of 
view of their daily actions and perform- 
ances. This fact alone would be suffi- 
cient to drive even the most versatile 
student of children into the arms of spe- 
cialization, for child behavior in its en- 
tirety is so multiple and so kaleidoscopic 
as to be utterly beyond the thorough 
mastery of even the most capable and 
energetic scholar. 

This article is an attempt to consider 
only one aspect of the child's many- 
sided behavior — the lie. We have chosen 
this particular phase of child life not 
only because it is unquestionably one of 
far-reaching interest but also because so 
little about it has appeared in American 
publications — scientific as well as popu- 
lar. The dearth of first-hand scientific 
material on child lies is due for the mo.st 
part to the belated development of this 
special field of study — the reasons for 
which have already been set forth. 
Pour important aspects of our problem 
will characterize the following discus- 
sion: (1) the <'auses of the child lie; (2) 
the pseudo or apparent lie; (3) the real 
lie; (4) the treatment and prevention of 
lies. 

61 » 



520 


THE SCIENTIFIC MONTHLY 


II 

Scholars vary considerably in their 
attempts to explain the causes of the 
child lie. Adopting the attitude of Rous- 
seau there are those who believe that the 
child as it is bom into this world is en- 
tirely good, that its “degeneration” is 
the result of the evil influences of man 
and his contaminating environment. The 
adherents of this viewpoint are gener- 
aUy known as empiricists. With Rous- 
seau they hold that “the lies of children 
are the work of their educators.” Op- 
posed to the doctrines of the empiricists 
are those of the nativists who stress the 
belief that whatever the child is, it is by 
virtue of its inheritance. For the na- 
tivists environment plays but a small 
and inconsequential r 61 e in the drama of 
life. The child, it is their contention, is 
not merely amoral: it is actually anti- 
moral. The lie, as the nativist sees it, is 
only the beginning of an individual’s 
unbridled egoism. Between these two 
extreme viewpoints which ascribe the 
child lie either wholly to the influences 
of environment or on the other hand 
solely to those of inheritance is the more 
moderate and reasonable attitude of 
convergence. The proponents of this 
manner of thought see in the child lie a 
very complex aspect of human behavior 
which can be fully explained neither on 
grounds of heredity nor on those of en- 
vironment. The protagonists of con- 
vergence believe that the genesis of the 
child lie is the result of an interweaving 
of the influences of nature and nurture. 
Doubtless this third attitude is the most 
plausible. Scientifically, also, it is the 
most tenable. 

Close analysis will show that the lies 
of children are multiform; that often 
they defy exact classification, and that 
they can not always be patterned accord- 
ing to any definite standards. To say, 
therefore, categorically — without further 
evidence than that now available — that 
such a complex form of human behavior 


as the child lie is instinctive, or that, in 
other words, it is an unlearned, inher- 
ited type of human activity, is a scien- 
tific absurdity. No modem student of 
child behavior, guided to his conclusions 
by careful and painstaking research, 
would subscribe to such a one-sided opin- 
ion. As a matter of fact, the question 
has been raised by some psychologists 
whether normal children under the age 
of four actually, if ever, tell a lie. And 
yet, if the standpoint of the adherents 
of the convergence idea is correct, then 
certain qualifying elements of the child’s 
lie must be due to factors of inheritance 
as well as to those of environment It is 
doubtless true that in spite of their in- 
definable variety child lies usually — 
though not necessarily always — are col- 
ored by certain tints which are ordi- 
narily determined by inheritance. 

First and foremost among such quali- 
fying elements is the matter of self- 
preservation. This causes the child to 
assume an attitude of defense towards 
imminent danger or threatened unpleas- 
antness. Frequently, moreover, such an 
attitude is conditioned by fear. In fact, 
one of the greatest contributors to false- 
hood among children is their fear of 
punishment. Thus, rather than to face 
punishment for some alleged misdeed, 
great or small, children will rush to their 
most natural avenue of escape — the lie. 

Then again, the child may be impelled 
to deviate from truth or reality by its 
imagination or fancy. This after all, 
however, is merely a playful relationship 
between the child’s mental status and 
the outside world of cold facts : 

Idealizing temperaments [says 0. Stanley 
Hall] sometimes prompt children of three or 
four suddenly to assert that they saw a pig 
with flye ears, apples on a cherry-tree, and other 
Munchausen wonders, which really means merely 
that they have had a new mental combination 
independently of experience. 

Whether such flights on the wings of 
fancy should actually be designated as 
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lies is highly questionable and will be 
considered at greater length further on 
in this discussion. 

Rather similar to the child's inborn 
inclination to imagine reality of things 
that are unreal is its tendency to mimic 
and to imitate. Children will thus pre- 
tend all sorts of things. To quote G. 
Stanley Hall once more: “They are ani- 
mals, doctors, ogres, play school . . . 
are dead, mimic all they see and hear." 
Here again it is open to doubt whether 
the child is actually lying in the real 
sense of the term. 

Another factor to be considered in the 
lies of children is the child's volitional 
nature. This, too, is more or less inborn 
and consequently rather independent of 
environment. Weakness and dependence 
of will subjugate the child to swarms of 
suggestive impressions which not infre- 
quently will cause the child to err in 
questions of fact. Strength and inde- 
pendence of will on the other hand serve 
as dynamic weapons in the child's battle 
against the hordes of temptations lead- 
ing to falsehood. 

All the foregoing aspects of untruth — 
self-preservation, imagination, mimicry, 
power of will — are only formal deter- 
miners of behavior. They represent only 
partial components of a lie. A child 
may be telling a falsehood and yet not 
be impelled by any single one of these 
influences of heredity. As a matter of 
fact, lies in most situations arc deter- 
mined not alone by any single member 
of this quartet of inborn tendencies but 
also by a multiplicity of external factors 
produced by environment. It is the pre- 
ponderance of these environmental con- 
ditions which makes it possible to pre- 
scribe methods of treatment for juvenile 
lies, except, of course, in those cases that 
are purely pathological. 

Perhaps the most convincing argu- 
ment in favor of environment as a con- 
ducive agent to veracity is the fact that 
lies are much less prevalent among chil- 
dren of the socially better classes than 


amongst those of the lower social strata. 
This has been ably demonstrated by a 
number of European investigators, fore- 
most among them being Dr. William 
Stem, professor of child psychology at 
the University of Hamburg. Of course, 
in a certain number of individual cases 
it may also be true that the child of the 
lower classes, besides being placed in a 
most unfavorable environment, is also 
endowed with certain innate proclivities 
tending to foster untruth. Yet, even if 
such native tendencies were entirely ab- 
sent, the relative lack of veracity among 
such children should not be altogether 
unexpected. In the first place, such 
youngsters frequently are entirely lack- 
ing in proper and able guidance. Dur- 
ing the greater part of the day both of 
the child's parents are usually away 
from home. The child is thus left to 
amuse himself, or what may often be 
even worse, he is thrust into the com- 
pany of questionable companions. Left 
to itself the child will naturally give way 
to unfettered flights of fancy. Fre- 
quently it may become entangled in the 
web of suggestion which will cause it to 
do things which in the end are sure to 
bring about punishment. Playing with 
its pals the child will often be duped 
and deliberately misled to perpetrate 
deeds the detection of which will in- 
evitably result in punishment. And then 
when the young miscreant is discov- 
ered, the punishment he receives usually 
serves as a vent to the coarsest kind of 
parental anger rather than as a remedial 
means of curing a juvenile defect. What 
could be more natural, then, than that 
the child should renounce truth? The 
very injustice of its punishment becomes 
the birth pang of future falsehood. 
There is little doubt that if such children 
were given proper guidance under pro- 
pitious home conditions their propensity 
to lie would decrease very largely and 
they would grow up at least as average 
truthful individuals. 
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It muat, of coarse, not be assumed that 
children of the so-called cultured classes 
do not lie. As a matter of fact condi- 
tions in such homes are often of the very 
kind that incite children to falsehood. 
Here, too, the child is not infrequently 
without judicious parental training. The 
number of families in which both par- 
ents go to business seems to be increas- 
ing. Needless to point out that servants 
— even the well intentioned — are not al- 
ways the best child trainers — especially 
in the matter of veracity. Moreover, in 
our concentrated and complex city civili- 
zation the number of families living be- 
yond their income in order “to keep 
up” in social position and dignity with 
other families is also on the increase. 
Children in such families arc quick to be 
inoculated with the germ of duplicity. 
As a matter of fact, their parents, in 
their efforts to throw dust in the neigh- 
bors’ eyes and thus conceal the family’s 
true economic status, have in all likeli- 
hood cautioned their offspring to prac- 
tice a similar form of deceit. Further- 
more, there are also of course the multi- 
farious “white lies” of convention with 
which children are thrown into constant 
contact. Even some of the most respect- 
able families, guided by a very lofty 
sense of ethics, see no harm in such 
trifling falsehoods and make little effort 
to protect their children from their in- 
fluence. While such petty artifices may 
deceive no one and may be quite harm- 
less as far as adults are concerned, for 
children they are positively dangerous. 
More than any other factor, perhaps, 
they call the child’s attention in a very 
direct way to the fact that there is such 
a thing as conscious divergence from 
truth, and that this, moreover, is in- 
dulged in by their elders with apparent 
impunity. Not only may this stimulate 
the child itself to lie ; but frequently also 
it shatters beyond repair the child’s un- 
questioning confidence and trust in its 
elders. And when this is gone, child 


training — in all respects — ^becomes a 
most difScult and hazardous under- 
taking. 

Besides these few environmental 
causes of child lies there are countless 
others. An exhaustive discussion of all 
within the realms of this brief paper is 
manifestly impossible. One such influ- 
ence, however, is so common that even a 
most cursory discussion such as this 
must make mention of it. Prevalent in 
most families throughout the world is 
the tendency on the part of parents to 
ask altogether too many questions of 
their children. The average parent de- 
lights in playing the rdlc of some Orand 
Inquisitor and expects his children to 
answer his many questions with unfal- 
tering ease and unimpeachable accuracy. 
Now, the question, unless employed by 
one well versed in the art of interroga- 
tion, is one of the most puissant con- 
tributory causes of the child lie. It has 
in fact been shown that answers based 
upon questions tend to be at least five 
times more erroneous than statements 
made spontaneously. 

Continual eross-quostioning [says Dr. Stem] 
not only leads to unconscious splits of memory, 
but, in the end, to conscious untruths. The 
questioner seems determined to have an answer, 
so the child obliges him by saying something 
that will put an end to the uncomfortable ex- 
amination. 

The danger in subjecting the child to 
unnecessary questions is resident chiefly 
in the power of suggestion which may 
generate in the child’s mind false ideas 
which otherwise might be entirely ab- 
sent. To bo eschewed especially is the 
leading question — ^that type of interro- 
gation which seems to contain the an- 
swer within itself, but which to the un- 
thinking child often becomes a treacher- 
ous snare. 

For the qaestion “Was the doth not redt’’ 
the answer ‘‘Tee’’ is always readier than 
“No.’’ The naive human being is much in- 
clined to affirm any idea presented to him, 
to accord it with objective existence [Stem]. 
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If Enich questions tend to mislead intelli- 
gent adults, what must their effect be 
upon immature and uneducated chil- 
dren? 

Epitomizing what has been set forth 
so far, we note that the child lie is a 
form of human behavior of incalculable 
intricacy ; that its origin and causes are 
traceable sometimes to the influences of 
heredity, but more often to environ- 
ment; most frequently of all, however, 
to the combined action of the intermin- 
gled and wide-reaching forces of nature 
and nurture. 

Ill 

The difference between truth and its 
opposites is ordinarily plain to perceive. 
Yet its very simplicity often tends to be- 
cloud the distinction. Prom our previous 
exposition, however, it should be more 
or less clear that in a scientifle sense it 
is not always satisfactory to label every 
digression from fact as a lie. We have 
intimated that in certain instances, es- 
pecially in those where the child is de- 
viating from truth by virtue of its inher- 
ent imagination or its tendency to mimic 
and to imitate, it is psychologically 
doubtful whether the child is actually 
l3nng. Such cases of apparent prevari- 
cation the student of child behavior pre- 
fers to call pseudo-lies in contradistinc- 
tion to real lies, the salient difference 
between the two being that in the case of 
the former the deceiver is not moved by 
any distinct purpose to deceive. A real 
lie is always a consciously false statement 
that aims to achieve certain results by 
the deception of others. It is the lack of 
this purposive element which character- 
izes the pseudo-lie and differentiates an 
imaginative invention from a real lie. 
Most prominent among the innumerable 
types of pseudo-lies are those spurious 
untruths due to imagination, fancy, play, 
mimicry, imitation, tricks, etc. As a 
matter of fact, of the normal child 's lies 
more than half would be of this group. 

Bearing these facts in mind let us now 


throw the light of our discussion upon a 
few concrete examples of some of the 
many types of pseudo-lies. A veritable 
treasure-house of such is afforded us in 
the autobiographies of eminent men. 
The life stories of authors, painters, 
sculptors are especially replete with such 
types of childish invention. 

Gottfried Keller, the Swiss raconteur, 
reports in his autobiography that when 
he was still quite a youngster he once 
spread the news of his discovery of a 
chest containing incalculable masses of 
gold and silver. So real and vivid were 
the details of his invention that many of 
his companions — and even some of his 
elders who should have known better — 
began to look for the alleged place of 
discovery. When one of his youthful 
companions ventured to play the role of 
a doubting Thomas, young Keller sought 
to reinforce the quivering threads of his 
invention by showing his sceptical ques- 
tioner some gold and silver coins — which, 
however, he had received as a birthday 
gift. 

On another occasion Keller startled 
his comrades by maintaining that he had 
given gold and silver necklaces and be- 
jeweled bracelets to a wealthy lady from 
the city who happened to be passing the 
warm days of summer in the coolness of 
Keller’s native village. 

Goethe, in his “Dichtung und Wahr- 
heit, ” tells us how he, as a boy, was wont 
deliberately to mislead his companions 
by passing off self-imagined tales as his 
own experiences. 

... it made them marvel to think that such 
wondrous things should have befallen me, their 
comrade. These inventions, of whose truth m^ 
comrades made passionate attempts to convince 
themselves, were held in great esteem. Alone, 
each one for himself, used to seek out the al- 
leged place of my experiences. . . . 

The cases of Keller and Goethe are 
representative pseudo-lies caused by a 
powerful imagination. Both lads, no 
doubt, were stimulated by the vividness 
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of the mental pictures which they had 
absorbed from their readings. 

The late Professor Meumann has re- 
ported several interesting cases of 
pseudo-prevarication. The following 
stands out especially : 

I knew a little girl of four years of age 
which, absolutely unabashed, claimed as her own 
nuiny of the experiences of her six-year-old 
brother — even though the home training of the 
child was admirable. 

This case has much in common with that 
of young Goethe. Obviously, however, 
it is not due to the ehild’s reading, since 
the child was much too young to be thus 
influenced. It is rather a case in which 
the child had heard of certain experi- 
ences of its brother and then, having in 
all likelihood been powerfully thrilled 
by these, it had permitted its memory to 
be side-tracked by its stronger and bet- 
ter developed imagination. 

The following is an interesting case 
reported by the wife of Professor Stem : 

We were speaking of n. ’s little sewing basket 
when little E. playfully stated: “I got such a 
sewing basket from my Granny. ” E. 's brother 
and sister were astounded and so I suggested 
to them : " E. is only joking. ’ ’ But E. insisted : 
“No, no, no I Granny really and truly gave 
mo one.” Whereupon her brother curtly ac- 
cused her: “Why, E. that’s a fibi’’ . . . 
Finally I asked E. to show me the basket and 
now she became sulky and was on the verge of 
tears; and yet it was still some time before she 
would reply with a “No” to our questions 
whether or not she really had received such a 
basket. 

Doubtless there are many parents who, 
without further analysis, would consider 
this instance of prevarication as some- 
thing more than a mere pseudo-lie. How- 
ever, while it is of course most difficult 
to evaluate the situation on the basis of 
cold words entirely divorced from un- 
derlying conditions, the actual motive 
for the child’s untmth seems most inno- 
cent. There is here an entire lack of any 
purpose to achieve something by means 


of deception. This is again a situation 
in which the child is merely playing 
with reality. 

Many apparent lies are due to the fact 
that the child’s speech is still in a more 
or less half-developed state. This is es- 
pecially true, of course, of younger chil- 
dren, who, in order to express their af- 
fective attitude, frequently employ terms 
of speech which the adult uses solely to 
affirm or deny facts. The little two-and- 
a-half-year-old boy who had been ill and 
who had formed the habit of crying 
‘ ‘ Ouch ! ’ ’ whenever anybody touched him 
did not really mean to give the impression 
that he was in pain, but merely wished to 
convey the information that he wanted to 
be left in peace. The word “no,” which 
to the adult represents an unequivocal 
denial, is often employed by the child in 
an endeavor to get rid of something un- 
pleasant. Thus, the three-year-old 
youngster who had struck his little sis- 
ter so that she cried, when later re- 
minded of the fact that he had hurt her, 
vehemently cried out: “No, no, no!” 
This negation, however, is not to be 
taken as a lie. Rather does it represent 
the lad ’s wish to hear no more about his 
misdeed. It is merely the child’s crude 
way of saying: “I’m sorry; please don’t 
remind me about it any more.” 

It has already been suggested that a 
great source of misstatement on the part 
of children is duo to the questions to 
which they are frequently subjected. 
Since at the outset the child’s answers 
are not a conscious attempt at deception 
such childish misstatements should be 
classified as pseudo rather than as real 
lies. The danger of the.se unconscious 
misstatements inheres not in themselves 
but in the fact that they may eventually 
lead to conscious and deliberate false- 
hood. The moral to be observed is that 
one should a.sk no more questions of chil- 
dren than are absolutely necessary and 
that one should formulate the.se as care- 
fully as possible. The following incident 
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reported in a number of European dai- 
lies more than a score of years ago illus- 
trates in very definite manner the im- 
portant role assumed by the question : 

One day a little boy disappeared mysteriously. 
One of his comrades reported to the boy's dis- 
traught parents that the 13 -year-old X had 
told him that he had been swimming with the 
missing boy and that he (X) had pushed the 
lad into the water when the latter wasn't ex- 
pecting it and that consequently he had 
drowned. [Note: This statement of X may 
actually have been true in part or it may 
have been entirely an imaginative invention.] 
Cross-questioned by the missing lad's father — 
who naturally was under great emotional strain 
— X became more or less intimidated and ad- 
mitted everything he had previously reported. 
Finally the cose was dragged into the courts 
and here again X, when questioned with regard 
to specific details of the alleged incident, 
pointed out everything requested with sharp 
precision. When, however, X was approached 
with kindness so that his confidence was stimu- 
lated, he contradicted almost all his previous 
testimony. In a word, then, X could no longer 
differentiate between actual fact and that 
which had been suggested to his receptive 
juvenile mind in the form of dubious interro- 
gation. After several days the lost boy re- 
turned and thus what might otherwise have 
ended in tragedy terminated more fortunately. 

This case is typical and it is only one in 
many. Both the child and tlic ques- 
tioner were acting in good faith. The 
questioner’s interrogations, however, in- 
stead of arriving at truth only succeeded 
in befuddling the child’s mind and in 
producing a most confused conglomera- 
tion of responses. It is in view of these 
facts that several of the larger cities in 
Germany are to-day making serious at- 
tempts to require the presence of a pro- 
fessional psychologist in those cases 
where the testimony of children is to 
play more than an ordinaiy part. 

IV 

Definitions of ''real” lies are as nu- 
merous as they are varied. Disregard- 
ing entirely the ethical aspect of a lie 
and interpreting our term merely on the 
basis of our previous discussion we shall 


define a real lie as being a conscious and 
deliberate attempt at deception for the 
purpose of achieving certain results. 
The fact that a real lie is a conscious 
misstatement as well as a deliberate one 
differentiates it from an accidental lapse 
of memory; the fact that there is a dis- 
tinct purpose in view divorces it from 
the realm of imagination. This threefold 
nature of a real lie presupposes a fairly 
advanced state of psychic development. 
There must be sufficient judgment to dis- 
criminate between fact and fable and to 
dissimulate a lie so well as to make it 
appear as truth. Then, also, the power 
of will must be suflBciently strong to ar- 
range and classify the various actions 
necessary for the deception and for their 
carrying out. Those psychologists, 
therefore, who questioned whether a 
child below the age of four ever told a 
real lie were not so pedantic as might 
ordinarily be assumed. The majority of 
real lies owe their origin to pathological 
rather than to any other causes. Bear- 
ing in mind that what seems to be a lie 
is often not a lie at all, one should not be 
surprised to find upon close analysis that 
the real lie among normal children is not 
such a common ])henomcnon as is popu- 
larly believed. 

Wliile the incidental elements may 
vary considerably, the majority of real 
lies is usually ascribable to fear. This 
cause and effect relationship between 
punishment and a lie is clearly resident 
in the following case: 

A threo-y ear-old youngster once did some 
trivial thing which he should not have done. 
When his father asked him what he had done 
the boy said: “I don't know." But when the 
parent insisted on the correct answer, the lad, 
instead of giving it, said: "Don't hit me I 
Don't hit mel " 

The mosc reprehensible form of a real 
lie is that which affects not only the 
child himself but which drags into its 
net absolutely innocent people. Such 
cases usually fringe on the borderland 
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of the pathological and fortunately are 
not so common among normal children. 
The following is a typical example : 

While the mother of a eix-year-old youngster 
was out Tisiting^ her boy in playing about the 
drawing room smashed the glass door of a 
valuable bookcase. When the mother returnedi 
the lad rushed out to meet her and related a 
long and involved story of how the maid in 
cleaning the drawing room had poked the 
handle of her broom through the glass door of 
the bookcase. The youngster even went so far 
as to illustrate the precise way in which the 
maid had committed the alleged misdeed. For- 
tunately, however, the boy’s mother happened 
to recall that the maid had given the drawing 
room a rather thorough cleaning that very 
morning. And yet it was not until after much 
persuasion and the promise of no pmishment 
that the boy, very hesitant and much ashamed, 
finally admitted his lie. 

Somewhat similar to the foregoing inci- 
dent but not quite so involved is the fol- 
lowing, reported by Paulo Lombroso in 
1905 : 

A throe-year-old girl, while visiting a friend 
of her mother, broke her little doU which she 
had taken along. The woman whom she was 
visiting tried to talk the little child out of its 
fear that it would be punished at home for its 
broken doll. Arriving at home, the child told 
the story that the woman had broken the doll — 
convinced no doubt that the woman, in order to 
safeguard it from punishment, would also 
assume the guilt. 

Not all lies, however, trace their genesis 
to the fear of punishment. A small 
minority results from other causes. 
Thus, a child will sometimes attempt de- 
ception in order to avoid something it 
dislikes exceedingly, or on the other 
hand, to gain something it likes very 
much. To avoid doing its homework a 
child may say that none was assigned or 
that the work has already been done. 
These same statements might also bo of- 
fered by the child that is anxious to go 
out and join its fellows in play. To get 
out of eating something it does not par- 
ticularly relish a child will feign illness. 
The writer is acquainted with a certain 


youngster possessing a pronounced aver- 
sion for rice. Whenever this farinaceous 
hobgoblin is served, this particular lad 
will eat a mouthful or two and then sud- 
denly drop his fork and writhe in ter- 
rible agony. Yet whenever rice is served 
in the form of pudding, strange to re- 
late, the horrible ‘‘pains’^ never appear. 

A fairly large number of real lies are 
prompted by some form of selfishness. 

Every game [says G. Stanley Hall], espe* 
dally every exciting one, has its own tempta- 
tion to cheat; and long records of miscounts 
in tallies, moving balls in croquet, crying out 
‘<no play” or ”no fair” at critical moments 
to divert impending defeat, false claims made 
to umpires, and scores of others show how un- 
scrupulous the all-constraining passion to excel 
often renders even young children. 

It is of course hardly necessary to com- 
ment that this particular form of fabri- 
cation is not at all monopolized by chil- 
dren; and that their elders are some- 
times rather prone to participate therein. 

Somewhat akin to selfishness as a 
cause of the real lie arc the child ^s love 
of showing off and its desire to appear 
big and important. Commonly known 
as bluff these manifestations of self- 
glorification are at times quite innocent. 
Frequently, as in the cases cited of 
Goethe and Gottfried Keller, they are 
due to an exuberant childish imagina- 
tion. Unless the child aims to achieve a 
definite purpose by its deception it is not 
— in the light of our definition — actually 
lying. 

An eleven-year-old girl heard its school com- 
panions speaking a great deal about tours, 
costly equipment, etc. Since its own parents 
were poor and it could never hope for such 
things, and since it did not wish to appear in- 
ferior to its companions, the child fabricated a 
series of lies — so carefully, however — that no 
one was able to detect the untruth. The kernel 
of this untruth centered about a prominent 
man with whom the father of the child was 
acquainted in a business way. According to 
the stories of the child this gentleman now 
became a regular visitor of the child’s home 
and thus every day it had some new incident 
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to relate^ bow be bad been a guest at dinner, 
bow ber parents bad given a large party in bis 
honor, bow be bad drunk a toast to tbe health 
of ber parents, etc. [Lombroso]. 

Unquestionably this form of fabrication 
approaches very closely to the pseudo- 
type of imaginative invention. The fact, 
however, that this child had a definite 
purpose in view, viz., the simulation of 
parental wealth and social position, 
makes its lie more real than apparent. 

The following form of child behavior 
is perhaps even a more definitive case of 
a real lie caused by the child’s love of 
appearing important and better than its 
fellows : 

A teacher of drawing had asked her young 
pupils whether one of them would not be able 
to bring in some flowers to be used as a model. 
A six-year-old youngster, remembering that his 
mother had received some flowers a short time 
ago, proudly volunteered that he would bring 
them to class. At home the child was informed 
that the desired flowers had been thrown out. 
In order not to appear foolish before its class- 
mates the boy stole a pot of flowers from one 
of the noighl)or8 and brought these to the 
teacher^ attempting to pass them off as his 
mother ’s. 

V 

If the child lie were exclusively a mat- 
ter of inheritance, if it were merely a 
question of instinct, or if, as is so 
commonly assumed, the juvenile lie were 
a necessary evil to be passed through 
like the measles or chicken-pox, then as- 
suredly there would be little to gain in 
formulating methods of prevention. 
Since, however, the lies of children are 
the result not only of inheritance but of 
acquisition and environment as well, it 
may perhaps be prudent to pause for a 
moment to consider the short prescrip- 
tion which science has to offer in order 
to immunize the child against the lie. 

Like most other diseases the lie is most 
susceptible to treatment before it has 
been given a chance to develop. Pre- 
vention, in other words, is better than 
cure. It is here that the popular fallacy 


which assumes that the child lie is a 
‘‘necessary evil” imposes a burdensome 
handicap upon the unsuspecting parent, 
for, given even a tiny foothold, lies will 
quickly develop into deeply rooted 
habits, most difficult to eradicate. An 
occasional lapse into the realm of false- 
hood is of course not in itself a cause for 
alarm; neither, however, is it proof of 
the contention that lies in childhood are 
normal and usual. As a matter of fact 
psychological analysis has shown that 
potentially every child might be a 
George Washington. Practically, how- 
ever, the attainment of such an ideal 
might be questioned since it would strip 
humanity of many of its most cherished 
illusions and delusions, which, though 
not always necessary, are on the other 
hand not absolutely undesirable. 

The elements of the prophylactic atti- 
tude towards the child lie are epitomized 
briefiy somewhat as follows. In the first 
place it is necessary for parents always 
to be truthful with children — even in 
trifles. It is especially advisable to 
eschew the conventional white lies which, 
as has been shown, have such a malevo- 
lent effect. Furthermore, the child 
should never be taught to lie. Those 
parents who ask their children to tell 
deliberate untruths are playing with 
dangerous toys. Over-severity in pun- 
ishment should be avoided. At its best, 
it does little or no good ; at its worst, it 
engenders fear, the arch-demon of hu- 
manity and one of the paramount causes 
of the juvenile lie. It is well to encour- 
age the child’s imagination, but with 
caution, since an over-stimulation of 
phantasy may blunt the child’s sense of 
discrimination between the real and un- 
real. It is most important to remove 
from the child as many taboos as pos- 
sible since these constitute an ever-ready 
source of transgression. By removing 
as many donHs as possible we are de- 
stroying many embryonic falsehoods. 
As has been shown it is advisable to 
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avoid unnecessary questioning, since — 
unless the questioning is done well and 
properly — it may lead to unconscious 
slips in memory, or by dint of suggestion 
it may force misstatements upon the 
child, and eventually it might even lead 
to conscious and deliberate falsehood. 
Furthermore, it is exceedingly unwise 
to preach about the evils of falsehood to 
the immature child. Not only are we 
confronted here with the danger of mag- 
nifying every petty slip from truth, but 
we also face the possibility of suggesting 
many undesirable things to the child 
which it otherwise might not even dream 


of. Psychologists are well aware that 
the ''don'ts^' are frequently the very 
suggestion leading to the actual violation 
of a prohibited action. Most important 
of all is the need of securing the child’s 
confidence and cooperation in the battle 
against untruth. As Dr. Stem has sug- 
gested, ‘‘A child who has been taught by 
its parents the meaning of self -conquest 
in everything, who has learned to con- 
trol his anger, to give up pleasure for 
the sake of others, to own to a fault, even 
indeed to find a certain satisfaction in 
self -conquest, will master, too, any temp- 
tation to lying ways.” 



A TRIP TO SANTO DOMINGO 


By Professor FRANK D. KERN 

PENNSYLVANIA STATE (’OLLEf.E 


UiSTOincAiJA' Santo Doiniiioo is an 
inteiTstinj^ plaoo and avoII known. All 
good students of AnuTii'an history rc‘- 
inombor that \hv islnnd was dis(*ov(‘n‘<l 
by (Johnnbus on his first voyage to (he 
now world in 1402, tliat h(‘ named the 
island Hispaniola and that (he first 
European settlement in (he new world 
was made here by the Spanisli. It is (he 
s(‘eond largest of the West Indian 
islands, Ix'ing exe(‘ed(‘d in size only by 
Cuba. The Dominiean l\e[)iit)lie oeeu- 


pies (he eastern part oi’ (he island and 
the Kepublii* of Haiti the western part, 
'riie Uepubliea I )ominiea na ( oflieial ) 
possess(‘s al)out twiee the ar(‘a of Haiti, 
and is larger than Belgium, Dinimark or 
Switz(‘rland, or Coniu'etieut, New Jei*- 
sey or Massaehusetts. 

Seientifieally, Santo Domingo is also 
an interesting [ilaee but not so well 
known. With It. A. Toro, of the Insular 
Experiment Station of Porto Kieo, I 
\isited (h(‘ I)omini(*an Repiiblie during 
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A HIGHWAY THUOUGU A DEHKRT REGION 
The automobile has a flat tike uattsed by a oactits spine. 


March, 192r), makinj? a study of the 
plant quarantine situation, observing? 
the plant diseases and collecting fungous 
parasites of both cultivated and wild 
plants. I was especially interested in 
the rusts or Uredinales and colleague 
in the black fungi or Pyrcnomycctes. 
While wc kept to the field as much as 
feasible, industriously and minutely 
examining all vegetation in quest of 
fungi, wc found some general observa- 
tions possible. 

In Santo Domingo city, which is 
always referred to by Dominicans as 
‘‘la Capital,’^ we were shown the ruins 
of the Columbus house, a massive stone 
house with tliiek eolored walls now in 
a bad state of repair. We also saw the 
reputed Tomb of Columbus in the cathe- 
dral. The tomb is elaborate and beauti- 
ful and in its present form dates from 


1892, the four hundredth anniversary of 
the discovery of America. The cathe- 
dral, a fine old structure in Spanish 
licnaissance style, dates from 1512 and 
is doubtless the oldest church edifice in 
the Americas. They have post cards 
depicting the ceiba tree where Columbus 
is said to have tied his boat, but they 
do not show the tree, explaining that it 
no longer remains. Portions of the 
ancient walls, with their bastions and 
gates, characteristic of the Spanish 
colonial towns of the sixteenth century, 
are still to be seen in this interesting 
old city. 

Santo Domingo enjoys the same mild 
tropical climate characteristic of the 
other large islands of the Antilles. Con- 
siderable variations in temperature are 
caused by the differences in the meteoro- 
logical conditions and altitude. Wc 
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heard a good deal about the cold which 
prevails at night in the high mountain 
valley of Constanza. .There is no doubt 
that freezing temperatures often prevail 
here during tlie nights of January and 
February. At the coast in March the 
days were hot, but the nights were cool 
and delightful. In the humid sections 
of the eastern part rains arc usually 
frequent and heavy from May to No- 
vember. This year they kept up well 
into January. During the rest of the 
year the rainfall is scanty. In the west- 
ern and southwestern sections rain is 
very scarce at all timCvS, and the vegeta- 
tion is typically xerophytic, in great 
contrast to the luxuriant growths of tlie 
humid regions. 

An excellent highway extends north- 
east from the capital, on tlie southern 
coast, to Monte (h'isti on tlie northern 


coast. We traveled on this road from 
the capital to Santiago, the second city 
of importance in the republic. The sur- 
face of the roadbed could be improved 
in many places, but the survey and 
grading of the highway are beyond 
criticism. In passing along this region 
for an extent of more than one hundred 
and ten miles one sees great fertile areas 
that have not yet been agriculturally 
improved. Further back arc otlicr re- 
gions, not yet opened up by highways, 
which can be transformed into produc- 
tive areas. The successful cane, coffee, 
cacao or tobacco plantations, occupying 
only a small percentage of the suitable 
and available areas, arc the best indica- 
tions of future possibilities. Many 
tro])ical fruits grow here with minimum 
attention. Practically no commercial 
])roduclion of citrus has been attempted. 



I*ORTION OF THE OLD CITY WALL ABOUT SANTO nOMIN(K) 

A PART OF ONE OF THE PRINCIPAL STREETS MAY BE SEEN TllRUUOH THE GATEWAY. 
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RUTN8 OF TIIK OOLUMBU8 HOUSE, SANTO UOMTNOO CITY 
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PARQUE INDKPKNUKNCIA JN SANTO DOMTNOO 


From Santias^o the main liif^liway eoii- 
tinuos to the northwest to Monte (Jristi. 
We were enrontc; to Puerto Plata, almost 
due nortli. A higrhway is now bein^: 
const rueted from Santiajxo to Puerto 
Plata. By special permission of the 
American enf»:ineer we were allowed to 
traverse a portion not yet open to the 
public. This allowed us to do some col- 
lecting in a refifion not otherwise acces- 
sible but did not help us in reaching: 
Puerto Plata. To do this we were 
oblifrod to go by rail, a trip which was 
scenic and interesting, even if a l)it 
rough and extremely slow. During the 
night of March 211 at Puerto Plata a 
shaking of the bed and banging of the 
shutters was sufficient to remind one 
that this is a region where earthquakes 
are likely to (K*cur. We learned later 
that this same shock was felt in other of 


the islands and so did not liarbor any 
special grudge against Puerto Plata. 

Another trip on the highway which 
connects Santo Domingo wn*th Port-au- 
Prince, Haiti, gave us a chance to see 
some of the dry sections. From the 
Nazao River westw^ard through Azua 
and throughout the great valley of the 
San Juan desert-like conditions pre- 
vailed at this season of the year. A 
third tri[) eastw^ai'd from the capital to 
San Pedro de Macoris and La Romana 
gave us an opportunity to see some of 
the finest cane land in the West Indies. 

We found Santo Domingo a safe and 
])leasant plaeo for botanizing. There 
may l)e some snakes there, but we did 
not run across any. The only reptiles 
we saw^ were lizards, mostly small or 
moderate-sized. These little fellows hold 
a place of their own in the estimation 
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of most travelers in the tropics. One 
would certainly miss them if they were 
suddenly to disappear. In some places 
in the mountains of Santo Domingo wild 
parrots are very numerous. A medium- 
sized green species, variegated with red, 
blue and yellow, is most common, al- 
though we saw a plain black form and 
also parrakeets. 

There arc still some fine forests in 
Santo Domingo. A forest growth here 


is often made of a considerable number 
of species adapted to the same condi- 
tions and thriving together. There is a 
great assortment in tlic sizes and forms 
of the individual trees, much variation 
in the density of the growth and no 
apparent uniformity in tlie association 
and distribution of species. Oftentimes 
it seems that the really valuable kinds 
are exceedingly scarce, forming a liope- 
less minority. In other instances a sin- 



TOMB OF COLUMBUS, 

Interior op the old Cathedral, Santo Dominoo City. 
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XEROIMIYTIC VEGKTATION 

A VIEW SHOWING ITS DENSE AND aNAKr^ED CHARACTER. 


jtIc s])(*cies may predominate. Tliis is 
notably true in certain interior rey:ions, 
where a species of pine {Finns occklen- 
ialis) grows almost exclusively, forming 
groat forests extending over th(* to])s of 
the lower mountains. Siiwmills are now 
in operation supplying pine lumber for 
local consumption. In La Vega one 
evening 1 was told by a lumberman how 
important a factor the moon is in lum- 
bering operations. According to his 
statement lumber cut during the waning 
moon {lima menyuante) remains sound 
and serviceable, while that cut during 
the new moon {lu7ia nneva) is subject 
to attacks of insects and rots and soon 
becomes worthless. A belief in the 
effect of the moon on lumber is quite as 
well grounded here as its effect on plant- 
ing and other agricultural operations is 


ill other parts of the world. We did not 
take opportunity to mak(3 any investiga- 
tions despite the urging of an Am(*rican 
engineer, who was present and who in- 
sisted that the belief is more than a mere 
superstition. Other forest resources are 
mahogany, satinwood, lignum vitae, 
walnut and logwood. 

Santo Domingo had its beginning in 
a Spanish colony and there is to-day a 
considerable population with Spanish 
blood, with a mixture of Negroes of 
Creole descent. There are also a num- 
ber of whites of American and European 
origin and sonm Chinese who specialize 
in restaurants. Spanish is the official 
and predominating language, although 
English is heard everywhere. This was 
somewhat of a surprise. In Porto Rico 
one expects to find English spoken com- 
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monly, because it has been taught in the 
public schools for twenty-five years. In 
Santo Domingo it has not been taught, 
and yet in the transaction of business, 
on the streets, in the liotels and every- 
where one may hear English spoken. 
My Porto Rican companion liad a good 
deal ol* fun at my expense one time and 
since then claims that it is doubtful 
whether I understand English. Walk- 
ing along a narrow street one day I saw 
indications of a rust on a small tree 
gi'owing in a yard by a little house. 
While examining the leaves a woman 
opened a shutter and said something. 
Thinking she was likely to say .something 
un])leasant and in Spanish about my 
being there I attempted to shift respon- 
sibility by calling to my friend to come 
and see what the woman was talking 


about. I then heard a voice saying, 
‘‘Come and see what this woman is say- 
ing, I am speaking English.’^ Of course 
I hastily offered an apology. She then 
told me that she was English. There are 
in Santo Domingo a good many colored 
people from the English islands and 
they all tell you that th(\y are English. 
The woman ju.st referred to informed me 
further that she would like to see her 
Queen Victoria. Needless to add, 1 did 
not offer any comment in this connec- 
tion. 

Another amusing incident happened 
one day when we were riding horseback 
in company with the rnayordomo of the 
plantation where we were stopping at 
tlic time. My friemd and the rnayordomo 
were some little distance ahead of me. 
Suddenly I saw a man further down the 



THE LARGER CACTI 

WHICH ARE COMMON IN THE DRIER AREAS. 
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A TVPi(\VL VIKW OF TJIK TXTRRIOR OF THE THLAND U)OKING TOWARD 

THE MOUNTAINS 


road pointiii}!? a ^uii in our direction. 1 tlio value of our CM)rresi)ondinj]: pieces, 

heard liim say soinethinji: to the two Observations and studies were made 
ahead of me Imt at the distance could of tlie diseases of economic crops, espe- 

not understand. 1 saw tlie two rein their eially from tlie point of view of the plant 

horses (juiekly to tlie side and before 1 (juarantine situation in Porto Rico. No 

could act 1 heard a shot. It is true that diseases were found on any of the crop 

for the moment 1 thouj^ht it mij?ht be plants which do not already exist in 

something? more scu’ious than the shoot- Poido Rico. Some of the staple crops 

of a pipreon, but it is not true that were found to be particularly free from 

I held up my hands and shouted “Tna serious diseases in Santo Domiiif^o. The 

revolucion,” as my companion relates. coffee plantations visited were notably 
Dominican money consists of coins free from diseases, (\acao is an impor- 

only. The unit is the *'pcso domini- taut crop and was also notably clean. 

a larj^e coin about the size of a Sujrar cane, whieh is the major crop, was 

silver dollar but worth only twenty in most plaers very seriously affected 

cents. United States money is the stan- with mosaic. In some places certain 

dard of value and can usually be had varieties showed 100 per cent, infection, 

in chancre. One soon tries to avoid the We w(*re convinced that sufficient atten- 

native coins, which run into such bulk, tion had not been fi:iven by cane growers 

representing as they do only one fifth to efforts to control this disease. They 
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arc apparently beginning to give atten- 
tion to the matter of clean seeds and 
resistant varieties. Some other diseases 
of cane appeared to be less prevalent 
than in Porto Rico. The chamaluco 
variety of banana is disappearing be- 
cause of its susceptibility to the wilt 
disease. However, other varieties of 
banana are more resistant and they arc 
cultivated more extensively. 

Approximately four hundred collec- 
tions of fungi were made and liave been 
preserved for further study and investi- 
gation. It is expected that these studies 
will yield some interesting information 
for comparison with the better known 
regions of Porto Rico, the Virgin 
Islands, Cuba, Jamaica and Central 
America. An expedition undertaken 
during the rainy season of the so-called 
summer months would be likely to be 
])roductive of better results, even though 
it would be beset with more difficulties 
in collocating. In our work we wore very 
generously and elTectively aided by the 


Secretario de Estaclo de Agricultura e 
Inmigracion, the Director de la Esta- 
cion Agronomiea y Colegio de Agricul- 
tura, by other civil and military authori- 
ties and by numerous private citizens. 

Before going to Santo Domingo we 
were told by some good friends that it 
was a land where people rode on the 
highways astride of oxen, that the 
movie films had only Spanish legends, 
«and that the people smoked only big 
black cigars which were strong and ex- 
pensive. On the contrary, we found 
that they ride burros, that the movies 
have English as well as Spanish legends 
and tliat most of tlic natives smoke 
pipes, althougli good moderate priced 
cigars are available. Our experience 
leads us to conclude tliat a country, as 
well as a man, sometimes may be unin- 
tentionally maligned by perfectly well- 
meaning persons. AVe were glad wc had 
the opportunjty to investigate for our- 
selves. 



THE STORY OF THE STONES IN THE 
DOMINION PARLIAMENT 
BUILDING 


By Dr. E. M. KINDLE 

GEOLOrilCATj SURVEY OP CANADA, OTTAWA 

The new Parliament buildinj;^ in blocks of the outer walls. These eanK 
Ottawa displays in its beautiful (jot hie from the Potsdam sandstone of tlie 
lines good examples of some of (Janada’s Ottawa valley, which is a formation of 
best known building stones. The fossils Cambrian age. Thus quite unintention- 
in some of these record singularly well ally the arcliitects have invited visitors 
certain parts of (Janada’s prcliuman his- with the enquiring type of mind to make 
tory. The walls and spires of this splen- a little .iourncy in time, 
did building exhibit to the best advan- The formation of the Potsdam sand- 
tage the beauty of Canadian building stone is so far back in the geological ages 
stones from provinces as far apart as tliat the mental journey essential to re- 
(jucbec and Manitoba. Tlie creamy mot- storing a picture of Cambrian times in 
tied limestone of Manitoba, with its fos- the Ottawa valley should be made in 
sils sectioned in various directions by stages. The depression of the (Ottawa 
the stone cutter, and the green serpen- and 8t. Lawrence valleys, whicli some 
tine from southern (Quebec may be seen lb, ()()() years ago submerged Parliament 
in the corridors of the building, while hill und(‘r 200 feet of sea-water, seems 
the outer walls are constructed of ('am- remote in time as compared witli rc- 
brian sandstone from (jnarries a few corded liuman history. But the long 

miles to the southwest of Ottawa. Jn- slow creep of the northern ice cap, which 

side the base of the Memorial J^eace for unnumbered thousands of years 
Tower Flemish marbles have been use<l. moved southwards over tlie continent to 
('ertain combinations of serpentine and the middle of the United States and 
marble furnish the verde-anli(|uc mar- finally retreated as slowly as it came, 

bles which arc also represented in the preceded this great westerly incursion 

interior of the building; but it is with of tlie Gulf of St. La^vrence. Even the 
the story of the Manitoba limestone and coming of the continental ice cap more 
the much older Cambrian sandstone than 300,000 years ago the geologist 
clearly written in hieroglyphics quite thinks of as a relatively recent event, for 
l(*gible to the paleontologist that we are the great ice slieet found the Ottawa and 
here concerned. Wt. LawTcnce valleys in their broader 

feature's much as they are to-day. It is 
SioNiFiCANCK OF THE Cambrian Sand- ^yheii wc go back to such an event 

as the birth of the Gulf of Mexico and 
Very considerable fragments of cer- the coincident appearance above the sea 
tain chapters of the great stone book, of the southeastern corner of the eonti- 
from whose pages the geologist reads the nent which added Florida and the south- 
story of the world, have been assembled ern half of the Gulf states to North 

in the walls of this building. The oldest America that we begin to get the geo- 

and most extensively used of these frag- logical perspective essential to considcr- 
ments of the past are the sandstone ing the earlier reaches of geological time. 
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Os<’lMiATI0N OR WAVE MADE RfFPLE MARK WITH 
SMALL MEDIAN RIIHIKS HKTWKEN MUCH STRONr.FJi 
ANOULAR RIDGES ON CAMHRIAN SANDSTONE, 

Hammond, N. Y. 

Three million years aj^o in Pre-Florida 
or Eocene times the pn*s(‘nt site of Cln- 
(*affo was 575 miles nearer tlie sea to tin* 
soutJi ot‘ it tlian at jiresont. The heatl 
of tlie Mississippi (lulf, forerunner of 
tlie (lulf of Mexico, was then near the 
site of Cairo, Illinois. This ])hase of 
American j?eoj?raphy coincides with the 
dawn of the sta^aje of earth history winch 
{jfeolo{i:ists call the Cenozoic or the era of 
modern life. Near relatives of modern 
plants and animals were then in exi.st- 
(Uice, includiiif^ the fox-like progenitor 
of the modern horse. 

But the out(‘r walls of the Parliament 
building carry us back through the 
deeps of time to the early Paleozoic 
when no animal with a backbone had 
appeared on the eartli. Plants more 
highly developed than algae did not 
then exist. Neither jilants nor animals 
had in Cambrian times bei^ome fitted to 
live on the land. Not till ages later had 
plant life developed to such a stage that 


its accumulated remains became suf- 
ficiently abundant and of suitanle kinds 
to produce the materials for beds of 
coal. The paleontologist is therefore 
able to predict with confidence that coal 
will not be found in rocks containing 
(.^ambrian, Ordovician or Silurian fos- 
sils. Such ])redictions are entitled to the 
same confidence which is generally ac- 
corded the astronomer s announcement 
of an eclipse of the sun. I'nfortunately 
for the hapless investor in bogus coal 
prospects the advice of the ])aleontolo- 
gist is not sought as frequently as it 
should be. This may result from the 
fact tliat the general jirinciples under- 
lying astronomy are better under.stoiKl 
than are those which form the basis of 
paleontology. 

It is a fundamental princi])le of geo- 
logical biology that the several kinds of 
animals and plants die and eventually 
j)ass off \hv. stage of time to be followed 
by otlier different but related kinds, 
dust as the individual animal has a life- 
time of ten or one hundred years, so the 
species has its life span of 10,000 or 
100,000 years or more and disappears 
from the living world but leaves the 
record of its life — wlien it came and 
when it went-* in the rocks. There is 
one case, however, which comes near 
being an exception to this law. lAiujula, 
a simply constructed little shell of the 
presiHit seas, is one of the forms of life 
whicli time forgot or almost failed to 
change, for in the sandstone from which 
the Parliament building is chiefly con- 
structed there is a small shell called 
Ijingulvpis whicli is almost but not ([uite 
the same as the living Lingula. The 
occurrence here of this very ancient an- 
ce.stor of the moilern Lingula, which has 
defied succe.ssiully the bounds of time 
set for nearly all oth(*r types of life, 
lends a peculiar geological interest to the 
Cambrian sandstone in the Parliament 
building. 
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These sandstones contain but little 
evidence of the life of the early geologi- 
cal period which they represent beyond 
these linguloid shells and broad trails, 
which remind one of an automobile 
track. These trails were made by a 
creature still unknown. Good examples 
of them may be seen in the National 
Museum at Ottawa, labelled Climactich- 
nites wilsoni Logan. 

It must not be inferred' because the 
known fossils of the Potsdam sandstone 
are limited to a Lingula-like shell and 
the trail of a huge but unknown mollusc 
that life was scarce in the Cambrian sea, 
which this sandstone represents. It is 
well known to naturalists that the sandy 
bottoms of the present seas are compara- 
tively lifeless, and the shifting sands of 
tlie Cambrian seas were, as the Potsdam 
sandstone indicates, e(iually unfavorable 
to life. Where other types of bottom 
prevailed a host of strange creatures, 
among which trilobites were most con- 
spicuous, flourished. 

The Potsdam sandstone has preserved 
a record of its physical history which is 
full and complete as compared witli its 
scanty biological record. The pure 
white sand with ripple marked layers 
and occasional bands of well-rounded 
pebbles tell the story of its origin as 
plainly as a printed page. These sands 
were deposited in a sea bordering the 
southern margin of the oldest known 


land in Canada, which occupied approxi- 
mately the position of the Laurentian 
highlands or the Canadian shield. The 
sand of this formation came from the 
decay of the granites and gneisses of 
this old V-shaped land mass which now 
holds Hudson Bay in its arms and 
reached tlie sea by rivers which are 
known only by the sandstone formation 
which they gave to the young continent. 

The fossil ripple marks found at vari- 
ous levels in the Potsdam sandstone have 
recorded both the waves and the cur- 
rents which were engaged in the work of 
spreading the sands over the old Cam- 
brian sea bottoms. Waves and currents 
make distinct types of ripple-mark — 
the one symmetrical, the other asym- 
metrical. Both types are found well 
developed in the Potsdam sandstone. 
Current or asymmetrical ripple-mark 
always ,(jends at right angles to the 
directioirt' of the water current wiiich 
produced it, and the direction of the 
oscillation or wave ripple-mark is at 
right angles to the waves and the winds 
responsible for its formation. It is, 
therefore, possible at any exposure of 
the Potsdam sandstone W'here good fossil 
ripple-mark can be seen to tell the exact 
direction of the tidal currents and the 
trend of the sea breeze when the sands 
of a particular bed came to rest on the 
sea bottom. The autographs of the 
Cambrian sea breezes and tidal currents 


a 





Water current ripple*mark 



.Wave ripple-mark 

BiAORAMMATIC cross sections op water current (a) AND WAVE MADE (h) RIPPLE-MARK. 
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inscribed on the Potsdam sandstone 
more than thirty million years ago are 
just as legible as those now being in- 
scribed on the sandy beaches of the 
Atlantic coast. 

The sands which became the Potsdam 
sandstone when consolidated were a 
near-shore deposit of a Cambrian sea 
which stretched across northern New 
York state into southeastern Ontario. 
The argillaceous and deeper water sedi- 
ments of other facies of the same sea 
bottom and their richer fauna are prob- 
ably all buried under younger rocks, but 
even where Cambrian life was most lux- 
uriantly developed it gave no hint of the 
coral and cephalopod life wliicli followed 
it in the next geological era. These we 
find abundantly in the Manitoba lime- 
stone. 

The Manitoba Coral Seas 

Far more novel in appearance than 
any of the fantastic gargoyles about the 
Parliament building arc the fossil mol- 
luscs which adorn some of the blocks of 
Manitoba limestone in the corridors. 
Many of these fossil animals arc so re- 
mote from modern forms of life or struc- 
ture as to be scarcely reminiscent of 
them. The visitor who is curious about 
the ancient life of this continent must go 
to the National Museum to see Canadian 
dinosaurs, but sections of the no less 
strange Manitoba cephalopods or devil 
fish, which disported themselves some 
thirty million years ago in the Ordo- 
vician seas where now the Manitoba 
wheat fields stretch aw^ay to the horizon, 
may be seen in the corridors of the Par- 
liament building. These great shell fish 
with their many partitioned tubular 


shells were progenitors of the modern 
pearly nautilus. 

Oliver Wendell Holmes’ poem ‘‘The 
Chambered Nautilus” has made familiar 
a plan of structure which begins with 
the venerable Cephalopod dynasty of 
early Ordovician times. Their living de- 
scendants and relatives include besides 
the sea squid and the Pearly Nautilus, the 
Paper Nautilus which was once believed 
to come to the surface at times and 
“spread to the wafting breeze a two-fold 
sail.” This pleasing fancy of the days 
of Aristotle has however been dispelled 
by the naturalists. The Nautilus is now 
known to swim rapidly by projecting a 
current of wnter through a funncMikc 
organ. The Ordovician cephalopods 
doubtless swam in the same way making 
“headway back foremost.” 

Sections of some of the corals which 
lived in the ancient seas of Manitoba 
may also be seen in the Parliament build- 
ing corridors, together with brachiopods 
and various other fossils which date the 
stone blocks holding them back many 
millions of years before the time of 
either men or Parliaments. One may 
speculate but can never know about the 
many other strange creatures without 
hard x>arts capable of fossilization which 
were probably contemporaries of the 
corals and the cephalopods. Some crea- 
tures of our present seas without any 
hard parts which can leave a record 
after death are in many cases among the 
most curious of modern animals. Some 
of the jelly fishes glow at night with a 
soft blue light and wo know by one for- 
tunate discovery made by Dr. C. D. Wal- 
cott that this type of animal apxieared 
as far back as the Cambrian. Other soft- 
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bodied creatures like the tunicate colony 
called Pyrosoma emit when stimulated a 
bright light, and one naturalist records 
writing his name with his finger on the 
side of a pyrosoma at night which came 
out a few seconds later in letters of fire. 
It is probable that the Ordovician sea of 
Manitoba possessed like modem seas 
many phosphorescent animals. The 
Manitoba sea may have often shown at 
night waves flashing with a weird dull 
blue light. They may even have rivalled 
Professor Hickson ^s description of a dark 
niglit on the Banda seas when the water 
is often like a huge expanse of pale blue; 
smoke studded with diamonds and other 
lustrous gems. Whether or not phos- 
phorescent animals lent their magical 
colors to the Ordovician seas which i>ro- 
duced the mottled limestone of Manitoba, 
the corals themselves must have sup- 
plied, as modem corals do, a rich variety 
of colors. Dull brown and green tones 
arc characteristic of the coral reefs of 
the present subtropical seas, but these arc 
often varied with bright violet growing 
points in the branches of the Madre- 
pores. Orange or red fan corals, bright 
brick red sponges, emerald green org(in- 
pi[)C corals and scores of other forms of 
life also add their contribution to the 
riot of color which accompanies the coral 
reef of to-day. Since most modern corals 
after the decay of their soft parts give 
no hint of their colors in life, we can 
not expect the Ordovician fossil corals to 
supply (^ny evidence of their living 
colors except by analogy. But it seems a 
safe inference that the corals which fur- 
nished much of the material of the Mani- 
toba limestone contributed to the shallow 
Ordovician seas of Manitoba a wealth of 
color and beauty in which green, brown 
and yellow were prominent. 


In the rocks which underlie the prai- 
ries of western Manitoba, Saskatchewan 
and Alberta is recorded the story, much 
too long for these pages, which Cana- 
dian geologists have deciphered of the 
transformation of the old Ordovician 
coral seas of Manitoba successively into 
the Silurian, Devonian and still later 
into the early Cretaceous seas with their 
ammonites. Later yet came the marshes 
and sea-side lagoons of western Canada 
with their dinosaurs, but this was long 
before the birth of Florida and the Gulf 
of Mexico. 

Thk Ciiltitrat. Aspect op Okolo(5Y 

After making the little journey in 
time which the stones of the Parliament 
building suggests, the visitor should be 
able to pursue with a more discerning 
eye the little journeys into politics and 
human history which this building may 
also inspire him to undertake. 

In place of the finished world of a 
few generations ago we now recognize a 
constantly changing world which has 
been tenanted by an endless succession 
of plants and animals, each unlike and a 
little in advance of those which preceded 
it. The geography of to-day we now 
know to be no more permanent than the 
cloud forms of yesterday. Familiarity 
with geological concepts has contributed 
enormously to mobility of mind and 
broad intellectual hospitality. The man 
who can visualize clearly the physical 
geography of (.kinada as it has been in 
the remote past is prepared to compre- 
hend as well as to meet and direct the 
great changes incident to the evolution 
of the social, economic, and political 
world in a way that his brother who still 
lives in the finished world of yesterday 
(an not. 



A UOUNTAm SOLAR OBSERVATORY 

By Dr. C. a ABBOT 
WfrwB Stti f uir nii m rwa o if 


Doha B»& vaxy in its outpnt of 
xtifii «vailAi)]« to hMt the eartht Xf it 
do^ Hus weather ouutt vary in some way 
dne^ndiag thereon. Hitherto meteorolo- 
fito have not used this element in mak« 
jttg their prediotions beoanse the neoes- 
si^ solar stadias have not been avail* 
abM For the jmst eight years the Smith' 
soaiaa lostitatioa has b^ endeavoring 
to sapidy this lack by maintaining sta- 
tions in Chile and in the sonthwestem 
United States^ where almost daily mea- 
snrements are being made of solar heat- 
ing. 

It is not the variations of son-heat os 
found at the earth’s sarface that are in 
4 nesti<»i, for these depend on tiie hati- 
aess and humidify of the atmosphere 
muoh more than on real solar changes. 
The measurements must be made in such 
a way as to eliminate atmospheric losses 
and to give the true value of solar radia- 
tion as it is In free apace at the earth’s 
mean sdar distance. This quantify is 
usuidly mdled the solar constant of radi- 
ation, and we shall call it so in this 
article. 

The average value of the solar con- 
stant for the past twenty years appears 
to be 1.94 oalories of heat per square 
centimeter per minute. Floetuations 
from this mean value as great as 3 or 4 
per eent. in both direetions, or a range 
of 6 or 3 per eent. seem to be found. 
These diapgea are of two types. One 
runs ovmr long intervals and is definitely 
aasoQfnted with the sunspot aetivify. 
Apparently the solar constant averages 
2 or 8 per eent. higher at times of sun- 
sp^ mindmum, that is to say, at intervals 
ctf approximately elevoi years. Again, 
there seem to occur short interval 


changes running their course in a few 
days or weeks. Often these seem asso- 
eiated with the central passage with solar 
rotation of snnqwt groups over the solar 
disk. Low solar constant values occur at 
sueh times for several days. 

Hitherto, the average accidental dif- 
ference between the d^y measurements 
ot the two Smithsonian stations, sltoated 
four thousand miles apart, in the United 
States and Chile, has been about 0.6 per 
cent. But on a good many days the dif- 
ferences are considerably lai^r, and on 
many days <me or both stations fail to 
observe because clouds interfere. 

This matter of the variation of the sun 
concerns the whole world. In order to 
make the determinations of Ihe solar 
changes more complete and aeourate, tirn 
National Qeographic Society has id^en 
to the writer a grant of $65,000 to use 
for three purposes : (1) To sdect the best 
site in tiie eastern hemiq)here for locat- 
ing a cooperating solar observatory; (2) 
to procure the necessary equipment, in- 
duding the construction of buildhig% 
roads and apparatus; (8) to carry on 
daily solar constant woih for a period 
of about four years. 

There are several determining eonsld' 
erations. An isolated mountain site lit 
a desert country is needful in order to 
diminith effects of dust, base, smoke and. 
cloudiness. Easy eommunieation is re- 
quired for installing and maintaining 
the station and tof securing daify tda- 
grapMe reports of results. Qovemmen- 
tal conditions mUst be Stable and firm 
enouid^ eo that the observers med not 
fear assassination and eohftieation. 
If any minor considerations add to the 
difSoulfy of a choice of site. 
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After consulting available meteorolog- 
ical data, conditions seemed most prom- 
ising in Algeria, Baluchistan and South- 
west Africa. Accompanied by Mrs. 
Abbot, I left Washington on October 30, 
1925, and journeyed by way of England, 
France, Algeria, Egypt, India, Baluchis- 
tan, South and Southwest Africa, and 
arrived at home on April 26. We were 
gone almost six months and traveled 
nearly thirty thousand miles. 

In Algeria, the Djebel Mekter, about 
seven thousand feet high, and four miles 
south of the French military post of Ain 
Sefra, was examined. There is a stone 
building on its summit formerly used as 
a heliograph station, and which might 
have served as both dwelling and obser- 
vatory. A well-graded rocky road leads 
up to it. 

The impressions of a French officer. 
Captain Navarre, who had been stationed 
at Ain Sefra for five years accorded well 
with recorded daily observations kept by 
a soldier as to the cloudiness of the 
region. It seemed probable that during 
January, February and March many 
days would be lost, leaving a minimum 
of at least ten days per month favorable. 
During the remaining nine months, up- 
wards of twenty nearly cloudless days 
per month could be confidently expected. 

A local contractor was ready to repair 
the building and the French government 
and military authorities were cordial to 
the proposal of establishing the observa- 
tory there. However, a still more favor- 
able condition as to cloudiness was hoped 
for. 

A few days were spent in Egypt, and 
inquiries made of several English scien- 
tific men at Cairo as to the possibilities 
of finding a good location in that sunny 
country. It appears, however, that 
mountains high enough to avoid dust 
and haze are inaccessible in Egyptian 
territory. 

Arrived in India, we were hospitably 
entertained at Delhi, and provided with 


recommendations to the authorities in 
Quetta, Baluchistan. There we were 
most kindly treated and assisted, espe- 
cially by Colonel and Mrs. Trench, of 
the Political Agency, and by Colonel 
Barker, of the Royal Engineers. Al- 
though Baluchistan is far from being a 
calm, humdrum country, it was decided 
that the observatory might be located 
with considerable safety on Khojak 
Peak, seven thousand five hundred feet 
high, and about ten miles from the 
Afghan border. 

As the military rule requires that 
autos on the road to the peak must carry 
a loaded rifle, and not less than two per- 
sons besides the driver skilled in using 
it, I was not surprised to be informed 
that the observers would not be permit- 
ted to reside at the peak, but must be 
quartered at Shelabagh, a garrison town 
three miles east. Two native soldiers 
would be required to watch the observa- 
tory, and a third to ride to and fro daily 
with the observers. Owing to the caste 
system, cooks will not sweep, nor valets 
serve, so that several servants besides the 
soldiers would be needed to keep up 
face in a country where no white man 
is supposed to lih a handkerchief. 

Thus quite a staff of dependents must 
be attached, and this with large expenses 
associated with the immense distance 
from Washington, and the costliness of 
construction and supplies, and the un- 
certainty of relief from customs duties, 
tended, with the separation of dwelling 
quarters, to counterbalance the advan- 
tages of an apparently excellently clear 
and cloudless sky. 

Arrived in South Africa, a stay of ten 
days in Johannesburg was made while 
official connections were being estab- 
lished and inquiries made. Dr. Innes, of 
the Union Observatory, and Dr. Alden, 
of the Yale Observatory, as well as Mr. 
Donald, the United States consul, and 
the vice consul, Mr. Hall, all exerted 
themselves to aid and entertain us. 
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Valuable information as to conditions 
in Southwest Africa was given by Dr. 
Reuning, formerly geologist for the Ger- 
man government of Southwest Africa. 

Arriving at the capital, Windhoek, 
Colonel Venning, director of posts and 
telegraphs for Southwest Africa, intro- 
duced me to other ofiScials. It was soon 
decided that the best location is the 
Brukkaros Mountain (Lon. 17* 48' E., 
Lat. 25* 52' S. Alt. 5,202 feet. Gen- 
eral level of the plateau surrounding, 
3,000 feet). 

This mountain lies near Berseba, the 
principal town of the Hottentot reserva- 
tion. An affirmative vote of the Hotten- 
tots was necessary to permit its occupa- 
tion. The railway division town of Keet- 
manshoop, about sixty miles to the south, 
will be the point of supply. 

The Brukkaros is a very small cup- 
shaped mountain rising precipitously 
two thousand feet above the plateau 
which extends almost level for fifty miles 
in every direction. The average rainfall 
there is three and one half inches, occur- 
ring one third in February, one third in 
March and the balance scattering. 

It is very favorable to the cooperation 
of this station with our other two that 
December at Brukkaros is fine and Janu- 
ary but little cloudy. These are the 
worst months at our other stations. I 
was near the Brukkaros for twelve days 
in the height of the rainy season. Of 
these the forenoons of eleven days were 
excellent for our observations. There is 
great hope that upwards of 90 per cent, 
of all days of the year will be available 
there. 

The clearness of the atmosphere is 
very fine. One notes almost no percep- 
tible haziness in looking out over the 
plateau to the horizon. Even as seen 
from low-lying stations, the stars go 
down without becoming dim and disap- 
pear suddenly as if occulted, while still 
retaining their brilliance. On the Bruk- 


karos the sky was of a deep blue right 
up to the edge of the sun. 

During my stay in the neighborhood 
there were no heavy winds, hardly, in- 
deed, the slightest breeze, but I was told 
that there were occasionally in winter 
some days of strong wind. Yet the des- 
ert in that neighborhood has so coarse 
and stony a texture that sand drifts are 
not to be seen. 

Our proposed observatory site is situ- 
ated near the southwestern summit, but 
inside the rim of the cup-shaped moun- 
tain, so that the configuration itself will 
tend to reduce the force of such winds 
as may sweep the plateau. /The obser- 
vatory rooms, as in our other stations, 
will lie in a horizontal tunnel about 
thirty-five feet deep in the rock. The 
sun-beam is reflected in with a coelostat 
carrying stellite mirrors which never 
tarnish. 

Within the tunnel is the spectroscope 
and the bolometer-galvanometer com- 
bination, capable of observing and auto- 
matically recording the heat of the spec- 
trum rays to the millionth of a degree 
rise of temperature. Outside are the 
pyrheliometers and pyranometer for 
measuring directly the heat of the sun 
and of a small ring of sky immediately 
surrounding the sun. With the find- 
ings of the three types of instruments 
combined, two observers may determine 
the solar constant five times indepen- 
dently in a single morning of observa- 
tion and may get the results computed 
by early afternoon. 

The station was begun in April under 
the supervision of Mr. A. Dryden, in- 
spector of public works for the South- 
west African Government. Apparatus 
had been procured in Washington, and 
it was planned to send out the expedi- 
tion in early autumn under Mr. W. H. 
Hoover, director, and Mr. F. A. Greeley, 
assistant. Observing could begin within 
a month of arrival on the ground. 
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Meteorologically, the location seems 
superb. It is very isolated. No neigh- 
bors are nearer than the Hottentot vil- 
lage of Berseba, seven miles away, and 
there are but two white people in Ber- 
seba. The supply town is Keetman- 
shoop, sixty miles or three hours distant 
by auto. This is a pleasant place, a rail- 
way division point, with bank, hospital, 
churches, clubs, hotels, schools and gen- 
eral stores. 

Provisions must all be brought by auto 
and mule-pack. Water sufficient, but 
not plentiful, can be had on the moun- 
tain itself, though nearby barren, tufted 
grass sufficient to maintain much game 
covers the desert. What with occasional 
visits to town, books, games, radio, 
music, hunting and interesting work, 
the observers hope to be contented to 
stick out their three-year terms. Of 


course the opportunity to see the world 
counts with them in going to this remote 
comer. 

The trail, the tunnel, living quarters, 
garage and two cemented reservoirs were 
completed by Mr. Dryden early in Sep- 
tember. The expedition landed at Cape- 
town on September 13. Providing all 
has gone well, observing should have 
commenced on the Brukkaros by Novem- 
ber 1, 1926. 

Cooperative observing by three desert- 
mountain solar-radiation observatories, 
under one management, is now assured 
for several years. Yet the next genera- 
tion will be at loss as much as we are, to 
answer the question whether solar vari- 
ation is an important element of weather, 
unless financial support sufficient to con- 
tinue the Smithsonian measurements in 
future years quickly becomes available. 



THE METRIC SYSTEM OF WEIGHTS AND 

MEASURES ‘ 


By Profeuor A. B. KENNELLY 

HARVA&D UNIYEBSITT 


We all know how simple is our system 
of money based on dollars and cents. 
We realize that its simplicity depends 
upon the ten-to-one or decimal relation 
of its parts. There are ten mills to a 
cent, ten cents to a dime and ten dimes 
to a dollar. All sums of money are thus 
expressed in dollars with decimal steps. 

Unlike our money, our system of 
weights and measures is complicated and 
difiScult. The ten tables taught in our 
schools comprise about fifty different 
units, not decimally connected. Very 
few people can say these tables from 
memory, without a mistake. The tables 
taught in English schools comprise about 
sixty units. Most of the corresponding 
American and English units are the 
same; yet there are fourteen that have 
different meanings. These are the hun- 
dredweight and ton, which are long in 
England but usually short with us, the 
pint, quart, peck and bushel in dry mea- 
sure, the minim, dram and ounce of 
apothecaries* measure, likewise the gill, 
pint, quart, gallon and barrel in liquid 
measure, all of which are respectively 
about 20 per cent, larger in Canada and 
the British Empire than in the United 
States. We still keep the old wine gallon 
of Queen Anne ; while the British 
changed about one hundred years ago 
to the imperial gallon. All these four- 
teen units are ambiguous, and they fre- 
quently lead to misunderstandings. 

In order to clear up similar compli- 
cations, the French introduced, about 
the year 1800, a new system, which they 

1 Given to the air from Station W.E.E.I., 
Boiton, 1926. 


called the metric system because it was 
based on a certain new standard yard, 
called the meter. The meter is only 
roughly a yard. It is about 10 per cent, 
longer than our yard. They applied the 
ten-to-one or decimal steps to this meter, 
just as in our decimal money system. 
The metric system came into general use 
in Prance about ninety years ago. It 
was found to be definite and easy. They 
called one thousand meters a kilometer, 
from the Greek word for a thousand, 
and this serves for the measure of great 
lengths. A kilometer is thus one thou- 
sand world yards, or very closely one 
thousand one hundred of our yards. 
One may travel all over continental 
Europe, by either highway or railroad, 
and find the distances marked off in kilo- 
meters. During the great war, two mil- 
lions of our young men visited France, 
and so came into contact with the use of 
the metric system. Since their return to 
the United States, there has been a dis- 
tinct increase of popular interest in the 
metric system. About twenty-five years 
ago, the advocates of this system were 
mainly scientists; but since the war, 
mainly business men. There are only 
three main units in the metric system — 
the meter, the gram and the liter. The 
rest are optional names for decimal 
steps. Thus the distance from Boston 
to Now York, by the New Haven rail- 
road, is 369 kilometers ; but that is only 
another way of saying 369 thousand 
meters. 

The great advantages of the metric 
system are its widespread international 
use, its simplicity and its uniformity all 
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over the world. We know that there are 
two kinds of tons, three kinds of quarts 
and many bushels ; but there is only one 
meter. This is because there is only one 
meter standard, which is preserved in an 
underground vault in the International 
Bureau of Weights and Measures at 
Sevres, near Paris, Prance. In 1872, 
Prance donated a small old royal 
palace and twenty-five thousand square 
meters of land to the International 
Bureau for this purpose. The old palace 
at Sivres stands within the old royal 
park of St. Cloud. Princess Mathilde 
once lived there. It is not far from the 
famous Sevres porcelain factory, and it 
has been relinquished by Prance to inter- 
national jurisdiction. Presumably, it 
pays no taxes, and a Prench policeman 
could make no arrest there. Pacing the 
old palace, or pavilion, a new laboratory 
building was erected in 1875, with double 
walls, to keep the internal temperature 
nearly uniform all the year round. In 
this laboratory, copies of the interna- 
tional meter bar are made and compared. 
Each bar is of special platinum alloy, 
which preserves an untarnished silvery 
surface. A standard bar has two 
scratches cut across its face with a dia- 
mond, one at each end. The distance 
along the bar, between these scratches, 
is set for one meter, when the bar is kept 
at the temperature of melting ice. Vari- 
ous working copies of the standard meter 
are kept in the laboratory ; but the stand- 
ard itself is deposited in the vault, eight 
meters deep below ground. The vault is 
opened once every six years, in the pres- 
ence of witnesses, to demonstrate that 
the standard meter and standard kilo- 
gram are in safe preservation. Twenty- 
eight countries jointly maintain this in- 
ternational bureau. Pour special keys 
are successively needed to open the 
vault, and three of them are in the 
custody of foreign delegates to the Inter- 
national Committee; so that the vault 
can only be opened when the committee 


meets at six-year intervals. During the 
great war, one of these keys was in Ger- 
many. If it had been necessary to open 
the vault during the war, it could only 
have been done by breaking in. Plati- 
num alloy copies of the meter have been 
distributed among the nations of the 
civilized world. They are believed to 
have been correctly compared with the 
standard at Sevres, to a precision of at 
least one part in five millions. There are 
two of these certified standard meters in 
the United States, and all our accurate 
measures of length in industry and in 
surveying are ultimately connected with 
these Standards. Such standard bars are 
treated with the greatest care, lest they 
should be injured by a jolt or fall. Oc- 
casionally such national copies of the in- 
ternational meter are returned to Sivres, 
for recomparison and check. In all these 
cases they are taken by a special mes- 
senger. It is no wonder, therefore, that 
the meter has the same length in all 
parts of the world. 

All the civilized countries of the globe 
have successively either adopted the 
metric system in their everyday life or 
they have taken steps officially to do so 
in the near future, the English-speaking 
countries only excepted. But although 
the English-.speaking countries have not 
yet taken any official action towards the 
general adoption of the sy.stem yet an 
impartial inquiry into the history of the 
last thirty years will probably show that 
we arc actually already in process of 
gradual transition to the metric system, 
though how many years it will take to 
make the transition complete no one can 
say without the gift of prophecy. Sub- 
stantially all the precise American scien- 
tific work is now carried on in the metric 
system. A few departments of the U. S. 
government use the system every day; 
namely, the Coast and Geodetic Survey, 
a part of the U. S. Customs, and the 
medical departments of the Army and 
Navy. There is at least one Amer- 
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ican industry that uses the system ex- 
clusively; i.e., the business of making 
lenses for eye-glasses and spectacles. All 
such lenses are prescribed and con- 
structed in the metric system. Many 
thousands of monthly bills to consumers 
of electricity for electric light and 
power are made out in terms of the 
kilowatt-hour, a unit based on the metric 
system. All our radio wave-lengths are 
measured and specified in meters. A few 
American manufacturing firms have vol- 
untarily changed over to the metric sys- 
tem in their factories, for the sake of 
convenience and simplicity. Their testi- 
mony has been that while there was a 
certain inconvenience and bother in mak- 
ing over lists, schedules, drawings and 
stock-sheets for a little while after the 
change, the cost was trivial, and no ma- 
chinery had to be discarded. Our coin- 
age is associated with the system; be- 
cause a new nickel, or five-cent piece, 
weighs just five grams, and our silver 
coins, from the half-dollar down, weigh 
at the rate of twenty-five grams to the 
dollar. 

Out of the twenty-five large countries 
and more than fifty little ones that have 
already given up their original systems 
and adopted the metric system, none has 
ever revoked its decision. 

A large element of the steadily in- 
creasing trend towards the metric system 
in our country doubtless comes from the 
fact that modem communication has 
greatly increased the interchange of 
methods and ideas between the nations 


through the telegraph, the telephone and 
radio. 

The invisible radio waves spread from 
a transmitting station, in all directions, 
with the enormous speed of light. The 
radio waves now carrying my voice far 
and wide are believed to spread over the 
globe and to reach the furthest opposite 
point, or antipodes, near Perth in West- 
ern Australia, in about one tenth of a 
second of time. The waves from WEEI 
in Boston have not yet been picked up in 
Australia, so far as I know; but I am 
informed, through the courtesy of the 
officers of WEEI, that the friendly voice 
has been caught and identified by radio 
receivers in various remote places as far 
west as the Pacific coast and as far east 
in Europe as England, Belgium and 
Sweden. In the case of more powerful 
radio-telegraph stations, signals have 
often been received at or near their an- 
tipodes, just twenty thousand kilometers 
away, over the seas. This means that in 
relation to communication of ideas by 
radio, the most remote countries are only 
about one tenth of a second apart. We 
all live on a tenth-of-a-second radio 
world. It does not seem likely that such 
a world can indefinitely support more 
than one system of weights and mea- 
sures. It must only be a question of time, 
on a tenth second world, when only one 
system will supervene. Will this sur- 
viving system be the sixty-unit English 
system, the fifty-unit American system, 
or the three-unit metric system? 



THE ANCIENT AND MODERN USE OF 
PLANT ARROW POISONS 

By Profettor RALPH H. CHENEY 

WASHINGTON SQUARE COLLEQEy 
NEW YORK UNIVERSITY 


I. Ancient Record 

How certain plants came to be used 
to poison the tips of arrows is not a 
question of general agreement. There 
are two main theories. The snake-bite 
theory assumes that the natives, upon 
witnessing the terrible effects of a snake 
bite, which was apparently accomplished 
by merely piercing the skin with a sharp 
point and injecting poison, came to 
smear the sharp arrow tip when hunting 
or in warfare. The latex-smear theory 
suggests that natives, upon being 
wounded, would naturally smear the 
juice or gummy exudate of some plant 
to arrest the blood flow and to heal. 
Some noted that the use of certain plants 
resulted in immediate poisoning and 
death. It is not too much to assume that 
sooner or later some native applied it to 
his arrow tip in order to carry the poison 
into the body of his game or to destroy 
his enemy in combat. Whatever the 
origin, the beginning of the use of arrow 
poisons is lost in antiquity. 

A monographic treatment of plant ar- 
row poisons would necessitate investiga- 
tions in the fields of physiology, medi- 
cine, ethnology and even the study of the 
handicraft and decorative art of the in- 
digenous tribes. Many startling and 
imaginative tales have been recorded in 
the literature. It is the purpose of this 
paper* to discuss the actual past and 
present employment of vegetable arrow 
poisons. 

2 Other papers now in preparation deal with 
the geographical distribution of the plant 
sources of arrow poisons and with the com- 
parison of the physiological effect of the native 
arrow poisons with the pure drug. 


The general application of poisoned 
arrows by ancient people is referred to 
in many instances by the early writers. 
The Biblical record in the Book of Job 
(VI-4) shows that the people of that 
period knew of arrow poisons. Homer 
indicates that the early Greeks were 
familiar with the practice. He has writ- 
ten in Odyssey I, page 260; 

He [Odysseus] came seeking the deadly drug, 
wherewith to anoint his bronze tipped arrows. 
He [i.e,, some unknown friend he had sought 
it from] did not give it to Odysseus — ^but my 
father gave him the drug, for he loved him 
exceedingly. 

The nature of this poison is unknown 
but probably was of vegetable origin, as 
the word ‘‘unguere^^ (anoint) indicates. 
In fact, even the derivation of our term 
‘ ‘ toxic is intimately associated with 
arrows and poison. To wit : 

Td^ov, a bow. 

T6|a (the plural), often used for bow and 
arrows; the singular also sometimes has 
this use. 

Ta Tdga, for arrows only in Sophocles and in 
Plato Laws. 

Tb To^ixov (supply <>aoiiaxov), poison for 
smearing arrows, in tho writings of Dios- 
coridcs, a physician of about 60 A. D. 

Toxic means poisonous. A toxophilite 
is a lover of archery. 

Virgil has written in Aeneid IX-772 : 

There was no other man more skilled of hand 
than he 

In tincturing darts and arming steel with 
poison. 

Horace infers in his ode to Aristius 
Fuscus® that African tribes along the 

8 Q. Horatii-Flacci, Opera, Lib. I, carm. XIX, 
Ode XXII. 
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northwest coast used arrow poisons. He 
has written : 

Integer vitae Bcelerisqne poms 
Non eget Mauris Jaculis, neque areU| 

Nec venenatii gravida sagitta 
Fusee, pharetra. 

Theophrastus^ and Claudius” spoke of 
the Ethiopian arrow poisons. Although 
many of the natives in the regions of 
Africa which have been invaded by 
Europeans have given up arrows and 
arrow poisons in favor of firearms, there 
are, nevertheless, millions of people who 
still depend upon primitive weapons. 

In Asia, as in Africa, reference to 
arrow poisons has been made by the 
earliest explorers. The most toxic arrow 
preparation of vegetable source in the 
Malay Archipelago is TJpas or Ipoh. 
Rhumpius explains that both IJpast and 
Ipo are to be translated as poison. 
Pohon is a tree. Hence, Pohon-Upas re- 
fers to a poisonous tree. Radja always 
signifies a chief or ruler or one who re- 
joices in power. The term, therefore, of 
Upas-Badja in early literature indicates 
that this plant arrow poison is a very 
powerful one. 

Early literature dealing with South 
America is rich in records of vegetable 
arrow poisons, especially TJirarery or 
Ourari, which, in its modem spelling, is 
Curare. The first Spaniards who began 
the conquest of South America found 
plant arrow poisons in effective use. The 
early sixteenth century travelers, who 
explored the Magdalena River in north- 
western South America, had great trou- 
ble in persuading their fellows to ven- 
ture into the wilderness. The first 
sample of Curare was carried into 
Europe from British Guiana, in 1595, 
by Sir Walter Raleigh and was called 
Ourari. 

Very few plant arrow poisons have 
been employed commonly in North 

* Theophrastii, Ereaii, Opera, Part 1, Bk. IX, 
chap. XV. 

B Claudianus, CL, ^‘De consulatu Stilichonis,'' 
Bk. 1, p. 351. 


America, although arrows and blow- 
guns were the weapons. Anemone spe- 
cies of the Crowfoot family were used 
in northwestern Alaska. The stems of 
three or four plants were collected for 
the preparation of poisons in southwest- 
ern Oregon. The Erie Indians are re- 
ported” to have applied poisons to their 
arrows about 1635, but it is not known 
what plants, if any, were employed. 
Only a few tribes of Mexican Indians, 
especially the Seri in Sonora, indulged 
in this practice. They prepared the 
toxic paste principally from the latex of 
Sebastiana Palmeri Riley. 

II. Modern Record 

The modem use of plant arrow poisons 
is limited to the same geographical areas 
as in the past ; namely, the greater part 
of Africa, northern India, southern and 
southeastern Asia, the Malay Archipel- 
ago, the Philippine Islands, the northern 
half of South America and by a few 
tribes in Japan, Alaska, Mexico and Cen- 
tral America. In many instances, na- 
tives have abandoned arrows for modern 
weapons but soak their bullets in their 
traditional arrow poison. 

To-day, the principal plants used in 
Africa are various Strychnos species, 
Strophanthus Konibe Oliver, 8. hispidus 
DC., Calotropis procera (Ait.) R.Br., 
Acocanthera venenata Don, Adenium 
Boehmianum Schinz., Physostigma ve- 
nenosum Balfour, Haemanthus ioxicar- 
iush. {Buphane toxicaria (L.f.) Herb.), 
and Erythrophloem guineense Don. In 
1905, Chambers^ described the Pra Fra 
arrow poison in the Gold Coast Colony 
of Africa. This poison was responsible 
for the death, in about twenty minutes, 
of fifteen out of forty -five soldiers in the 
French Sudau. Leprince® investigated 

«Le Mercier, ‘‘The Jesuit Relat.,’^ ed. 
Thwaites. 

T Chambers, A., **Journ. Boy. Army Med. 
Corps, 5 (1905), 213-223. 

«Leprince, M., “Etude pharmacognosique de 
VAdenium** (1911). 
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the effect of arrow poison prepared from 
Adenium, Prolich® studied the effect of 
Muchi arrow poison. Lewin'® discussed 
the preparation and effect of numerous 
African arrow poisons of vegetable 
origin. 

In the Malay Archipelago^ the chief 
arrow poison is /po/t, which is prepared 
from a large tree, Antiaris ioxicaria 
Leschen. The latex is evaporated down 
and smeared on the arrows. The effect'^ 
of this poison is fatal to man. Lewin*® 
described the effect of Dyak poison on 
various animals. Plant arrow poisons, 
known as Ipoh, are prepared from sev- 
eral sources in some localities through- 
out the Malay peninsula. The plant 
customarily substituted for Antiaris is 
Sirychnos tieute Leschen. The Negritos 
in the mountainous regions of the Philip- 
pine Islands still (1926) use arrow 
poisons prepared from Lunasia amara 
Blanco and Lophopetalum toxicum 
Loher. 

Curare, the chief South American ar- 
row poison, is obtained in most cases 
from the bindweed, Strychnos toxifera 
Schomb., 8, Ouhleri Planch, or 8, Cos- 
telnaei Wedd. This poison is imported 
into the United States via Germany for 
use in our medical schools and physio- 
logical laboratories. Whereas, the Afri- 
can and Asiatic 8trychnos arrow poison 
acts upon the spinal cord, curare centers 
its action upon the motor end-plates. 
Curare and other arrow poisons are used 
by some practically unknown tribes of 
Indians who inhabit but slightly ex- 
plored areas. Further investigation of 
these regions will probably disclose in- 
teresting information both in regard to 
the racial differences in these people, 
already noted in captured individuals, 
and in the plant sources of their deadly 
preparations. 

® Frolich, A., Joum, Phynoh, 32 (1905), 319. 

loLowin, L., ‘‘Die Pf eilgif te, ‘ ^ (1923). 

Both, H. L., “The Nativei of Sarawak and 
British North Borneo, “ 2, (1896). 

wLewin, L., “Die Pfeilgifte,“ (1928). 


Dr. W. L. Schurz^* has called atten- 
tion to a South American tree called 
^*assacu/^ which is feared by the natives 
because of the powerful astringent 
poison in its sap. The toxic flora of the 
Amazon includes poisons whose virtues 
are known only to the Indians. These 
toxins include the terrible mata calado 
or silent death, which is reputed to leave 
no trace in the system, as is apparently 
true of the Central American camotillo; 
and the capango, about whose powers 
many tales are told. 

The preparation of arrow poisons has 
always been carefully guarded as a 
secret to be religiously kept from the 
knowledge of others. The efficacy of 
these native plant poisons has been a 
source of terror to explorers. The most 
recent account^* of the mystery and 
effect of Indian poisons is in connection 
with the death of Ogden T. McClurg, 
the publisher, who is believed to have 
been the victim of a Central American 
Maya poison. He died under peculiar 
circumstances and physicians were un- 
able to assign any reason for his sudden 
death. Mr. McClurg was a member of 
the Mason-Spinden expedition to Yuca- 
tan. Twice he was ambushed by Maya 
Indians. The possibility of his having 
been merely scratched by a poisoned 
dart is now being discussed. This Maya 
poison is reported by R. J. Urruela, of 
San Salvador, to produce lethal results 
but without leaving detectable traces in 
the system. Senor Urruela calls this 
poison ** camotillo** and says that it has 
been known to the Mayas for centuries. 
I will quote from his report regarding 
this poison as follows ; 

I knew camotillo by legend. Now I know 
it by the terrible experience of fact. Three 
deaths of prominent political men in Latin 
America have given me the absolute certainty 
of its menacing existence and its lethal effects. 

Schuri, W. L., National Oeog, Mag,, XLIX, 
No. 4 (April, 1926), 455. 

14 White, A. B., N. Y. Evening World, April 
27, 1926. 
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• . . I determined to get definite information 
about camotillo. I left for Copan, Honduras, 
where the ruins of the Maya temples are lo> 
oated. . . . Finally 1 met a Spanish priest who 
had charge of one of the many churches in 
Copan. ... He told me that the Maya tribes 
are the only ones that possess the secret and 
they live far in the interior, in Atlantida, 
where there are no roads and but one white 
man is allowed to enter their domains. He is 
the priest in charge of their church. If you 
can meet him, he will give you all the informa* 
tion that is to be had about camotillo. « • • I 
met Padre Nicolas, a Spaniard. 

Padre Nicolas spoke as follows: ''I came to 
this tribe, called the Chancatales, which means 
^the never defeated,^ by order of my superior, 
the Bishop of Copan. I am the only white 
man allowed in their city, which is many miles 
inland. Sentinels are scattered all over the 
woods. Every stranger who approaches is im- 
mediately signaled. If he refuses to turn back 
he will never bo seen by his people again. The 
Chancatales clan is ruled by a group of brujos 
(wizards) who have inherited the secrets of 
their forefathers. The brujos are the only 
ones who understand the preparation of camo- 
tillo. The poison is obtained from a vegetable 
bulb, in appearance very similar to a potato. 


It grows wild and cannot be found except by 
one who knows. The bulb is dried and passes 
through a series of manipulations until finally 
it is ground to powder. In the same length of 
time taken to dry and grind the bulb, the 
preparation will work its effect. A camotillo 
dried and ground in eleven moons will take 
eleven moons to kill. They can predict the 
occurrence of death with uncanny accuracy." 

How much of this case of Maya poison 
is fact and fiction is difficult to ascertain. 
It is evident, however, that the prevalent 
use of plant poisons on arrows, darts and 
in other ways with criminal intent de- 
mands the attention of the tropical phy- 
sician, traveler and explorer. It is sig- 
nificant that the natives have selected 
by some means, probably by the disas- 
trous trial and error process, the most 
toxic plants in their respective localities 
as the sources of their poisons. The ar- 
row poison plants are, therefore, indica- 
tive of the local toxic flora. There is 
much to be accomplished by research on 
the plant sources, uses and antidotes for 
vegetable arrow poisons. 



WHAT IS AN INSTITUTION? 


By ProfeMor EDWARD CARY HAYES 

UNIVXRSITY Of ILLINOIS 


The interesting article of Professor 
Ezra Bowen in the April Scientific 
Monthly calls for a snpplement. 

He truly says that private possession 
exists in its most absolute form in primi- 
tive society, but he confuses the mere 
fact of physical possession with an insii- 
tuiion of private property. He gives no 
hint as to what an institution really is. 
And the facts he adduces have little or 
no bearing on the question he is argu- 
ing : what were the earliest forms of the 
institution of property T Mere physical 
possession he calls the oldest and most 
uncompromising of social institutions.’’ 
In reality, however, mere possession by 
the strong individual does not imply the 
existence of an institution of private 
property. 

If (as he says) in time of drought the 
one remaining water-hole is monopolized 
by one enormous hippopotamus, that 
does not indicate that there is an insti- 
tution of private property, neither does 
the dog’s monopoly of his bone, the 
child’s monopoly of his drum or the 
savage’s monopoly of a well-shaped club 
that he has found or made or taken from 
a fallen foe. The institution of private 
property does not begin till society de- 
cides to protect the possessor in his pos- 
session and decides also on what terms 
and within what limits society will so 
protect him. The institution of private 
property defines and limits as well as 
protects the right of possession. Mere 
possession of the primitive sort is based 
on might and has nothing to do with 
right nor with any institution. 

A relatively primitive institution re- 
garding private property is to be seen in 


the rules by which an Australian hunter 
divides the kangaroo which he has slain 
among his relatives — rules which require 
him to make this division as well as pro- 
tect him in his own share. 

True, as Professor Bowen says, we no 
longer bury a dead man’s property with 
him for we no longer fear his ghost. 
We have substituted the institution of 
inheritance, a purely social convention 
grounded on a judgment of social ex- 
pediency and limited, if society so wills, 
and to any degree which society finds 
expedient, by the taxation of inheri- 
tances, by primogeniture or even by 
escheat. Taxes, eminent domain and 
police power are social institutions, but 
mere crude and primitive possession by 
the strong is not a social institution. 

There have been scholars who insisted 
that only might makes right and that 
anything is right which can be enforced. 
They were utterly wrong when they 
meant that the assertion of interest or 
impulse by an individual against other 
individuals or by a class or group against 
other classes or groups created a right 
by virtue of the fact that the claim was 
asserted and enforced. But they would 
not have been wrong if they had said 
and meant that what the judgment and 
sentiment of a society enforces upon its 
own members is in that society right. 
'‘Right” as well as “rights” are social 
concepts, and as Professor Sumner says, 
“society can make anything right” in 
that society. 

These two statements include the 
reasons why problems of ethics are mat- 
ter-of-fact problems and why the study 
of ethics is no more the affair of meta- 
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physical speculation than the problems 
of agriculture or of bridge building. 
The history of moral codes is altogether 
a part of the story of social evolution, 
and the criticism of moral codes is alto- 
gether a matter of fact inquiry. We still 
give to one who is trained in chemistry 
or physics the degree of doctor of phi- 
losophy. This is reminiscent of the 
period in which all sciences were only 
emerging from the metaphysical stage, 
as now at length ethics has begun to 
emerge. That ethics has thus begun to 
emerge from the metaphysical stage and 
to be treated as a matter of social evolu- 
tion and practical social inquiiy is per- 
haps the most important part of what 
sociology is bringing to pass. 

The institutional definition of prop- 
erty rights is based on the perceptions 
(1) that private possession rewards and 
elicits productive effort, (2) secures or- 
derly and efficient administration of ma- 
terial resources and (3) is just. By 
“just” we mean that it is an arrange- 
ment consonant with a balanced regard 
for all the interests affected. The insti- 
tution of private property as distin- 
guished from the mere fact of possession 
is an effort on the part of society so to 
define, limit and protect possession as to 
secure so far as practicable the three re- 
sults just specified: reward and promo- 
tion of productive effort, orderly and effi- 
cient administration of material re- 
sources and justice. Any limitation of 
the rights of private possession or re- 
definition of them which is required by 
these three criteria is not only justified, 
but demanded. 

An institution is a mode of social ac- 
tivity. It is one of those socially evolved 
and socially prevalent activities which 
are included in the “culture” of a peo- 
ple. Whether one is a behaviorist or 
not, from any scientific point of view 
having an idea or having a feeling is 


an activity as truly as driving a nail. 
Ideas and feelings are elements in all 
distinctively human aetivity, whether the 
activity completes itself in overt muscu- 
lar movement or not. Any social activ- 
ity that can be called an institution is 
essentially a set of ideas and feelings 
that prevail in a society and that go over 
into overt conduct when occasion arises, 
together with a prevalent habitual dis- 
position to these activities. Fundamen- 
tally institutions are states of mind, i.e., 
ideas and feelings are their essence. An 
institution like trial by jury, when the 
activity becomes overt, supplies itself 
with a personnel, such as judges, law- 
yers, jurors and bailiffs, and with a ma- 
terial equipment, such as court house, 
bench, bar and jury-box, but the build- 
ing may be burned, the personnel be- 
headed and the surviving members of 
the society may migrate to a new conti- 
nent, yet they will carry their institu- 
tions with them if they retain their habit- 
ual states of mind. 

An institution is a mode of social be- 
havior and one which in contrast with 
mere fashion and custom includes an 
element of rationality, a practical judg- 
ment, approving both the ends sought 
and the methods employed in the activ- 
ity. 

Human culture has three stages. In 
the first it is molded by biological neces- 
sity. Group practices are defined by the 
requirements of group survival. In the 
second stage, death being somewhat held 
at bay, there is room for many non- 
advantageous vagaries. In the third 
stage, rational acceptance in the light of 
experience converts useful customs into 
institutions and invents new institu- 
tional forms. And ripened institutions, 
economic, domestic, political, etc., have 
striking resemblances to the group cus- 
toms which at an earlier stage were en- 
forced by biological necessity. 



TWO ENTOMOLOGISTS OF THE EIGHTEENTH 
CENTURY— ELEAZAR ALBIN AND MOSES 

HARRIS 

By HARRY B. WEISS 

KBW BRUNSWICK, N. J. 


Eleazar Albik 

'*Now it is the general complaint of 
the taverns, the coffee-houses, the shop- 
keepers and others that their customers 
are afraid when it is dark to come to 
their houses and shops for fear that their 
hats and wigs should be snitched from 
their heads or their swords taken from 
their sides, or that they may be blinded, 
knocked down, cut or stabbed; nay the 
coaches cannot secure them, but they are 
likewise cut and robbed in the public 
streets, &c. By which means the traffic 
of the City is much interrupted.” So 
said the city marshal of London in 1718. 
On the other hand, there was the small 
but lively world of fashion, politics, 
literature and art with its phosphores- 
cent society of statesmen, politicians, 
authors, wits, rakes and dandies. 

This is the London that Eleazar Albin 
knew, a London in which the forces of 
disorder were strong and a London 
whose beau monde enabled him to make 
a living. Of German origin, his family 
name having been Weiss, Albin taught 
drawing and painting in water-colors. 
This led to an interest in flowers and in- 
sects, especially the latter, which he 
painted at first simply for his own plea- 
sure. Later he became acquainted with 
a collector, a Mr. Dandridge, who em- 
ployed him in painting caterpillars and 
who also recommended him to Mrs. 
Howe, widow of Dr. George Howe, of 
the College of Physicians of London, 
who died in 1710. Mrs. Howe's interest 
being in the Lepidoptera, Albin painted 
a large number of buttei^es and cater- 


pillars for her. He also did several 
things relating to natural history for 
Sir Hans Sloane, erroneously considered 
by many as having been the sole founder 
of the British Museum, when, as a mat- 
ter of fact, there had been, long before 
Sloane 's time, sedulous and frequent ef- 
forts to arouse the government to the 
importance of public museums. Sloane ’s 
will, however, did provide the opportu- 
nity for the foundation. 

Following his work for Sloane, Albin 
was introduced to Her Grace Mary, 
Duchess Dowager of Beaufort, who em- 
ployed him in a similar manner and ad- 
vised him to embark on his ” Natural 
History of English Insects,” giving him 
such substantial aid as securing sub- 
scriptions from several persons of the 
“first quality.” While she lived, Albin 
made rapid progress on his book, but 
after her death the subscriptions dropped 
off and the work was delayed. Albin 
had a “great” family and needed the 
subscriptions in order to complete the 
book. About 170 subscribers were finally 
secured and the work appeared in 1720, 
entitled “A Natural History of English 
Insects, illustrated with a Hundred Cop- 
per Plates, Curiously Engraved from 
the Life; And (for those who desire it) 
Exactly Coloured by the Author.” 

Among the subscribers were members 
of the nobility, an apothecary, a sta- 
tioner, a music teacher, a chemist, a sur- 
geon, the treasurer of the East-India 
Company, a gardener, a lawyer, a doc- 
tor, a merchant, a professor and a gen- 
tleman. Some of the subscribers were 
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Lwd Bruce, the Earl of Cardigan, the 
Zhdce of Devonshire, who was the Lord 
Steward of the King’s Court, the Earl 
of Strafford, the Countess of Salis- 
bury, Mrs. Howard the Countess of 
Suffolk, society and Court favorite. Lady 
Stuart, etc. 

The book for the most part deals with 
the Lepidoptera, although a few insects 
of other orders are included. Each plate 
is dedieated to a subscriber and accom- 
panied by a page of text. The plates 
illustrate the adult insects, larvae, pupae 
and food plants, while the text describes 
the c<dors of the species, eggs, early 
stages, food plants, parasites, remedies 
for tha injurious insects and miscella- 
neous observations, all rather briefly. In 
the introduction Albin says that during 
all his observations he did not meet with 
one instance that gave him reason to 
doubt that insects in general were pro- 
duced by parents of the same species and 
remartcs with some naivet4 that in this 
he is oonflrmed by Redi ’s book, ‘ ‘ Experi- 
ments on the Generation of Insects,” 
whicht incidentally, appeared in 1668. 
A seeond edition of Albin ’s book “with 
Notes and Observations” by W. Derham 
appeared in London, 1724, a third edi- 
tion in Latin in 1731 and a fourth in 
1749. 

His next book venture was “A Natu- 
ral History of Birds,” in three volumes, 
1731, 1734 and 1738, accompanied by a 
total of 306 copper plates colored by 
himself and his daughter Elizabeth, 
whom he had taught to draw and paint. 
A second edition was printed in 1738- 
1740, and a translation, supplemented 
with notes and remarks by W. Derham, 
was published in French at Hague in 
1760. 

William Derham was a minister who 
was interested in natural history and 
mechanics. He wrote a number of 
papers on various subjects, including the 
migration of birds, the weather, the 
habits of the deathwatch and of wasps. 


etc., and had a large collection of birds 
and insects. He also published religious 
works of his own and edited the cor- 
respondence of John Ray. 

Albin solicits, in his “Natural History 
of Birds,” presents of curious birds and 
advises the prospective donors that the 
specimens should be sent to him in the 
comfortable vicinage of the “Dog and 
Duck.” To Sir Robert Abdy, who 
helped him in the collection of birds and 
on various occasions, the first two vol- 
umes are dedicated ; the third volume to 
Richard Mead, physician in ordinary to 
George II, a man who had a high repu- 
tation as a practitioner and writer on 
medical subjects and who devoted much 
study to natural history and anti- 
quarianism. 

Each plate of Albin ’s bird book is 
accompanied by a page of text, but the 
plates are not dedicated to subscribers, 
at least not in the second edition. His 
plates are said to be greatly inferior to 
those in Catesby’s “Natural History of 
Carolina,” and one critic stated that 
Albin must have been ignorant of orni- 
thology. 

Albin ’s next book was “A Natural 
History of Spiders and other Curious 
Insects, Illustrated with Fifty-three 
Copper Plates Engraved by the Best 
Hands,” which was published in Lon- 
don in 1736. In his statement “To the 
Reader,” Albin quotes from the “Spec- 
tator” No. 121, published some twenty- 
five years before, in which Addison ex- 
presses the wish that some one would 
“take each his particular species and 
give a distinct account of the frame and 
texture of its parts — especially those 
that would distinguish it from other ani- 
mals,” believing that such studies would 
be a service to mankind. Albin some- 
what pompously says that on the wish 
of Addison he Wilt his book on spiders, 
describing two hundred different kinds 
and giving the results of his own ob- 
servations. The work is dedicated to 
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Dr. Me&d and eontaina the names of 
some sixtjr-foar subseribers, inelnding 
those of eight booksellers. Among the 
sabscribers are the Empress of Russia, 
the Countess of Suffolk, who numbered 
among her friends many of the men of 
letters of her time, Pope, Gay, Swift, 
Arbuthnot, etc., and who was the 
mistress of the Prince of Wales, after- 
wards George II, Sir Hans Sloane, who 
subscribed -to all Albin’s works. Lady 
Mary Booth, Lady Mary Gore and many 
other members of the court circle around 
the periphery of which Albin hovered. 

To Albin’s treatise on spiders are ap- 
pended three i^ort papers, one entitled 
“Of the Tarantula” by Dr. Mead, and 
the remaining two, “Microscopical Ob- 
servations on the Carter Spider, and 
Jumping Spider,” and “Observations 
on the Plea, and Louse,” both by “the 
late ingenious Dr. Hooke, F.B.S.” 
Some of the plates are signed by Albin as 
artist, and Thomas Martyn, who made 
Albin’s work the basis of a more com- 
prehensive volume in 1793, praised the 
drawings for their correctness but disap- 
proved of the text as being disconnected 
and without order, although at times en- 
tertaining and instructive. The frontis- 
piece consists of a portrait of Albin on 
horseback, said to be by J. Scotin, sur- 
rounded by pictures of spiders, mites 
and scorpions, although the plate, dated 
1737, is signed by Albin as artist and by 
Scotin as engraver. Jean Baptiste 
Scotin flourished in Paris during the 
first half of the eighteenth century and 
engraved after H. Rigaud, Boucher, 
Watteau, Lancret, Pater and other 
French painters. In the illustration 
Albin, on his white horse and resplen- 
dent in a green coat and black hat, out- 
shines the surrounding arthropods. 

In 1737 his “Natural History of En- 
glidi Songbirds,” with colored plates, 
appeared, later editions being printed in 
17^1, 1759, 1779, London, and an Edin- 
burgh edition in 1776. His last work, 
entitled “The EUstory of Esculent 


Fidi,” with plates drawn and e^Mpweed 
by E. Albin and with an essay 
breeding of fish and construction^ AA 
ponds by Roger North, a lawyer gftd his- 
torian who died in 1734, was not psdy- 
lished until 1794. It is illustrKted by 
some ei^teen plates signed varisRuly 
E. Albin, Elizabeth Albin, lileazar 
Albin, Eliza Albin, Eliz. Albfa and 
Fortin Albin, and dated 1735, 1786, 
1739, 1740, etc. Fuseli, the designer and 
painter, who was also interested in otto- 
mology, found in a catalogue!- under 
Albin the three names Eleazar,: Eliza- 
beth and Fortin, and speculated upon 
the relationship of the first and last two. 
Elizabeth was Eleazar ’s daught^, as 
noted heretofore, and although 
is said in the text of Albin’s books, the 
fact that three of the fish plates axe 
signed by Fortin and accompanied by 
plates by both Elizabeth and Eleazar 
seems to indicate a relationship, possibly 
that of father and son. 

Nothing is known of the dates of 
Albin’s birth and death. He flourished 
from about 1713 to 1759, and accosding 
to Bryan’s “Dictionary of Painters and 
Engravers,” there is a “Rich Man and 
Lazarus,” by him in the Gallery at.Cas- 
sel. His portrait indicates that he was 
a rather well-built man, probably some- 
what swanky in view of the “quality” 
of his patrons and subscribers, and 
withal perhaps rather lacking in a sense 
of humor so far as he himself was eon- 
cemed, as evinced by his equestxhm 
representation, his green coat and his 
black hat. Nevertheless, Albin put 
something of himself in each of his bo^ 
and there is a certain friendliness about 
them which is non-existent in the cold, 
impersonal and standardized manuals of 
to-day. 

Moses Harris 

The great fire of London broke out on 
September 2, 1666, and Evelyn, as n- 
eorded in his “Diary” on September S, 
“saw the whole south part of the city 
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burning?, from Olioapside to ttie Thames, 
and' all along Cornhill (for it likewise 
kindled back against the wind as well as 
forward), . Tow^r Stre**!, Peneliureh 
Street, Oraceehureh Street, and so along 
to Bayard's Castle." Under the entry 
dated September 7, at wliieh time the fire 
was almost out, he speaks of the ruin and 
desolation and of going on foot through 
the various streets or what was left of 
them and 'Mlienee through C^ornlull, 
with extraordinary difficulty clamber- 
ing over heaps of yet smoking rubbish, 
and freciuently mistaking" his location. 

In this fire, in the Cornhill section, 
perished the collection and books of the 
Society of Aurelians to which Moses 
Harris's uncle of the same name later 
belonged. The society held its meetings 
in the Swan Tavern in Change Alley, 
and the members who were sitting at the 


time “had to escape suddenly, many 
leaving their hats and canes." How- 
ever, it does not seem likely that even 
entomologists would delay their de- 
parture until the fire was so close upon 
them. The Swan Tavern may have been 
the one said to have been rebuilt as the 
Swan and Rummer after the fire and 
often fre(|uented in the early part of the 
eighteenth century by Gay, Swift, Ar- 
buthnot and other brilliant wits of that 
age and from wdiich they would be 
chaired home after a sparkling evening. 

Moses r(‘ceived his first instructions in 
collecting insects at about the age of 
twelve, from his uncle, wlio must have 
been close to ninedy at the time, if 
rather uiuHriain dates are accepted. 
For more than twenty years he collected 
insects and drew, engraved and colored 
them, chiefly moths and butterflies, being 
an acute observer and a good entomolog- 



562 


THE SCIENTIFIC MONTHLY 



Insects/' 173G. 


TWO ENTOMOLOGISTS 


563 


iailr- flrtist and engraver on copper. 
T||» industry bore fruit in the shape of 
hi%)H|ok entitled ‘ ‘ The Aurelian or Nat- 
Ul«l History of English Insects; namely, 
MoIIki and Butterflies, together with the 
Ptauiffs on which they Peed,” which he 
pvddished in London in 1766. The title 
p«fa also bears the statement that the 
waarik is “A faithful Account of their 
respective Changes; their usual Haunts 
wton in the winged State; and their 
standard Names, as given and estab- 
lished by the worthy and ingenious 
Stoeiety of Aurclians” of which Harris 
was secretary. 

The forty-five plates, for tlic most 
part dedicated to members of the ai*is- 
tocracy, were drawn, engraved and 
colored by the author. Harris states in 
the introduction that he had many 
pleasant collecting trips during the pur- 
suit of his work. A large part of the 
prelude is concerned with the general 
fife-history of the Lepidoptera, collect- 
ing nets and how to use them, boxes, 
setting boards, etc., while the text proper 
deals with descriptions and markings of 
adults and notes on life-histories and 
food plants. The frontispiece consists 
of a sylvan scene, including a portrait 
of the author sitting on the bank of a 
stream, a collecting net over his knees, 
a chip box of buttei^flies and other in- 
sects in his left hand and his right hand 
pointing to a small figure, of himself 
presumably, using the net on the oppo- 
site side of the stream. The plate is 
signed by Harris. The title page of the 
copy of this work in the American 
Museum of Natural History library 
bears the following statement, ‘^Printed 
for the author, London 1766, and with 
great additions, for J. Robson, New 
Bond Street MDCCLXXVIII,’’ and the 
text is in both English and French, 
parallel columns. Harris also drew, 
etched and colored most of the plates in 
the three volumes of Dru Drury’s 
^'Illustrations of Natural History” pub- 


lished 1770-82 and contributed some 
unimportant drawings to the Catalogue 
of Andrew Peter Dupont’s Collection of 
Natural Curiosities. 

Harris’s ” Natural History of English 
Insects” was reissued in 1778, 1794 and 
in 1840 under the editorship of J. 0. 
Westwood. Hagen was of the opinion 
that the ” Aurelian” originally ap- 
peared in numbers. After the first edi- 
tion was printed, Harris published an 
appendix which was sold separately, 
according to the announcement in his 
“Pocket Companion” of 1775. In 1827 
there appeared in the “Retrospective 
Review” (London) an index of modem 
generic names for Harris’s “Aurelian.” 

The first attempt to classify Lepidop- 
tera according to the venation of the 
wings was made by Harris in “An 
Essay precedeing (sic) a Supplement to 
the Aurelian wherein are considered the 
Tendons and Membranes of the wings 
of Butterflies, &c,” published by the 
author in 1767 (London). In this essay 
attention was paid also to the differences 
in shape in the scales and of the hooks. 
In this work the author’s name is fol- 
lowed by the words “Miniature- 
Printer.” 

Harris’s next book was “The English 
Lepidoptera, or the Aurelian ’s Pocket 
Companion, containing a Catalogue of 
upward of four hundred Moths and 
Butterflies, &c,” printed in London, 
1775. This was followed in 1776 by 
“An Exposition of English Insects,” 
in English and French, which dealt 
mainly with the Neuroptera, Diptora and 
Hymenoptera. In the preface Harris 
states that although it is customary for 
authors to apologize for those who study 
natural history, he is at a loss to know 
“to whom sneli apology should be 
made,” as those who object “are gen- 
erally men of small capacity and low 
wit, having a mean conception of things 
in general.” Copies were issued ap- 
parently with new title pages dated 
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1781, 1782, 1783, 1786, Hagen stated 
that the text in the copies dated 1776, 
1781 and 1782 was the same throughout, 
but that at least thirteen of the plates 
had been re-engraved once or even twice. 
He believed that the work originally 
appeared in numbers and increasing 
sales made it necessary to re-engrave 
some of the plates. 

Harris’s last publication was the 
“Natural History of Colours” edited by 
Thomas Martyn, London, 1811, and 
dedicated to Sir Josliua Reynolds. In 
the preface, Martyn speaks of Harris as 
having been dead nearly thirty years, 
which would make the year of his demise 
1781, or thereabouts, but Graves’s “Dic- 
tionary of Artists” records that a frame 
of English insects was exhibited by 
Harris at the Royal Academy in 1785. 

Harris is thought to have been born 
about 1731 or 1734. Little is known of 
his life, except that he flourished ap- 
parently between 1766 and 1785 and 
wrote and illustrated the books men- 
tioned. Prom a letter dated April 5, 
1770, that was written by Dru Drury to 
Harris, it appears that Harris was then 
living some distance from London, was 
married and had a .son. If he did not 
actually live in London at some time, his 
books were published there and he prob- 
ably made many trips to the city. Lon- 
don in many ways did not improve 
greatly from Albin’s to Harris’s time, if 
the statements of various writers can be 
relied upon. Walpole wrote in 1750, 
“You will hear little news from England 
but of robberies, the numbers of dis- 
banded soldiers and sailors have taken 
to the road or rather to the street.” 
Shebbeare, writing about the middle of 
the century, said, “In London amongst 
the lower classes all is anarchy, drunk- 
enness and thievery, in the country, 


good order, sobriety, and honesty, urikn 
in manufacturing towns, where theitt' 
semblance to London is more conit^M- 
ous.” Groslcy, who visited LondflB.in 
1765, said that “porters, sailors, chtir- 
men and the day labourers who woifc-in 
the streets are as insolent a rabble m 
can be met with in countries without bar 
or police” but that citizens and Amp- 
keepers, journeymen and artisans w 
skilled trades were obliging. 

During the eighteenth century Vur 
gland was at war for about half the time, 
and the changes from war to peace aaS 
peace to war were accompanied by 
turbing economic conditions. During 
war, trade was good, but peace broug^lt 
dullness, inactivity and suffering. Ailing 
the jails and debtors' prison.s. In addi* 
tion, work in many London trades was 
irregular ; the tailors, for example, were 
said in 1747 to be “as numerous as 
locasta, out of business three or four 
months of the year, and generally as 
poor as rats.” It would be interesting 
to know how entomologists, engravers 
and artists fared with changing business 
conditions and the varying fortunes of 
their patrons. Harris’s circumstances 
were thought to have been fairly com- 
fortable, although in the introduction to 
the “Aurelian” he mentions losses due 
to the “unsteady and fallacious Be- 
haviour of a Person too nearly connected 
in my Concerns.” 

If his portrait is not too flattering, he 
was of rather slender build, comely and 
altogether quite prepossessing. He must 
have been intensely in love with his 
work, both as an artist and engraver and 
as an cntomologi.st, for his books leave 
one with the impressiont^^hat in them he 
endeavored to express himself both 
artistically and cntnraologically. 
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REFRIGERATION BY A FLAME 


T|JERE arc a dozen different household 
refri^rators now on the market and 
each is better than all the others. I know 
ti^tt because it has been proved to me in 
person by representatives of the various 
manufacturers in the two weeks since I 
carelessly allowed it to be known that I 
was thinking of buying an iceless icebox 
as a surprise to my wife. So many elo- 
quent advocates of family coolers have 
visited me that I get cold shivers when- 
ever I see a stranger at my door. When 
the methyl chloride man gets me con- 
vinced that he has the best r(*frigerant, 
one of the sulfur dioxide agents comes 
in and overturns all his arguments, and 
thanext caller converts me to iso-butane. 

•Alid in the midst of this mental con- 
fusion I open the foreign mail and find 
in Engineering and La Nature new and 
original refrigerators have been in- 
vented, one cooled by a gas flame and the 
other by steam. 

Both are based upon the familiar j)rin- 
ciple that the rapid evaporation of a 
liquid into a gas absorbs heat from its 
surroundings and accordingly cools 
them. One uses ammonia for this pur- 
pose and the other simply water. 

The former is the invention of two 
Swedes, Baltzat dc Platen and Carl fi. 
Menters, of the Iloyal University of 
Technology at Stockholm. In employing 
ammonia as the cooling gas it is like 
most refrigerating plants, but it has no 


condensing pump as is customary. In 
fact it has no machinery, no moving 
parts of any kind. It consists simply of 
a series of four tight metal containers, 
connected by tubes, the whole chai*ged 
with ammonia, water and hydrogen un- 
der a pressure 180 pounds per sr|uare 
inch and hermetically sealed. The first 
vessel is a generator in which ammonia 
gas is liberated from the liquor by heat- 
ing with a gas jet or electric coil. The 
ammonia gas tluTi passes into a rectifier 
and condenser where it is c(x>lod by run- 
ning water and reduced to the liquid 
state.' This liquefied ammonia goes next 
into the evaporator where it is relieved 
of its pressure and becomes gaseous 
again. The evaporator is situated inside 
the refrigerator-box, which is continu- 
ally cooled by the expansion of the li- 
quid ammonia into ammonia gas. This 
finally flows into the absorber where it 
dissolves in water and runs back to the 
generator to start upon its rounds once 
more. The evaporation of the ammonia 
is due to its fall in pressure from 180 
pounds per square inch in the generator 
to a partial pressure of 30 pounds per 
square inch in the evaporator. This is 
accom])lis}icd by an ingenious applica- 
tion of a law discovered by John Ualton 
over a century ago, that the total pres- 
sure of a mixture of gases is equal to the 
sum of the ]>ressurcs that each gas in the 
same space would exert if the other gas 
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were absent. Now the evaporator is 
filled with an atmosphere of hydrogen 
gas which gives a partial pressure of 150 
pounds. When the ammonia which has 
been liquefied under a pressure of 180 
pounds comes into the chamber where 
the pressure due to hydrogen is only 150 
pounds, it evaporates at a rate sufficient 
to make up the difference between the 
two, 30 pounds, and this causes? the cool- 
ing. The hydrogen is kept from getting 
into tlie other part of the apparatus by a 
curved tube filled with water through 
which ammonia can pass but not hy- 
drogen. 

Tho manufacturers claim that the 
family-size refrigerator will absorb heat 
to the amount of 320 British Thermal 
Units per hour and may be run for a day 
by currents of 3 kilowatt hours of elec- 
tricity and about 120 gallons of water. 
If electricity is not available a gas (lame 
may be used for heating the generator. 
The apparatus is not at present auto- 
matically started and stopped but is so 
arranged that a single handle turns on 
the gas and water supply together. So 
tho cook can bake her cake by a gas fire 
and then switch it over to freeze her ice- 
cream. 

The French macliine invented by R. 
Follain is interesting because water is 
the only means employed. This is doubl.v 


advantageous since water is everywhere 
cheap and absorbs a larger quantity of 
heat on evaporation than any other sub- 
stance known. In this apparatus the 
evaporation is hastened and therefore 
the cooling effect is intensified by cre- 
ating a vacuum above the surface of the 
water in an airtight tank by the injec- 
tion of a steam jet in a constricted tube. 
The water vapor and steam arc con- 
densed in an adjoining chamber by a 
spray of cold water. Several such sys- 
tems can be arranged in series in order 
to secure the desired reduction of 1cm- 
perature. Such a machine will cool 1,250 
gallons of water from 77 degrees to 37 
d(»grees Fahrenheit. To accomplish this 
requires about 790 pounds of water used 
as stc'am for the injector and 22 tons of 
water for cooling. 

But Ihere is not room (mough in our 
pantry for all this. 1 think I will post- 
pone my purchase until one of the ma- 
chines drives all its rivals out of the 
market. But the danger of such a policy 
of watchful waiting is that the law of the 
survival of the fittest does not always 
hold in the commercial struggle for ex- 
istence. Th(‘ machine which comes out 
supreme in sales may be the poorest and 
cheapest to make, because it has the 
largest surplus to spend on advertise- 
ments and agents. 


THE CATALYSIS OF COAL 


In the old days before the war men 
did not know anything better to do with 
coal than to burn it. Now they are be- 
ginning to find out that it may be put 
to better purposes as raw material for 
making more valuable commodities. 

In those days too when men w^anted to 
get more gasoline than petroleum con- 
tained, they knew no other way to get 
it than to smash up the big molecules 
into little ones, to break down the heavy 


oils to make light oils. This ‘‘cracking’’ 
})roces.s was regarded as a great achieve- 
ment in its day and brought fame and 
fortune to its inventor; quite rightly, 
since we could be running few automo- 
biles without it. But the world is pass- 
ing into another era now, the age of syn- 
thesis, when the chemist will build up 
instead of breaking down. Starting 
with the commonest and cheapest mate- 
rials, air, water and coal, the chemist 
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can construct at will all sorts of valuable 
compounds for Avhich wc formerly had 
to rely upon nature. 

The veteran French chemist Professor 
Paul Sabatier, of Toulouse, recently on a 
visit to America, opened the door to this 
new era with the key called “catalysis.^* 
Shortly before the century closed he 
found that hydroj^en jras could be made 
to unite with carbon monoxide f?as in 
the presence of finely divided nickel and 
produce rm^thane, well known as natural 
"as. Now thes(‘ two constituents, hy- 
drojren and carbon monoxide, are easily 
made by ])assinj? steam ovc'r red hot coal, 
the ‘Svater ^as’^ process. Many other 
metals and compounds have since been 
found to act like nickel as a catalyst, 
that is, they s])eed up a process by their 
presence without being: used up or ap- 
pearing: among: the products. 

This principle has of late l)e(*n applied 
with remarkable results by a countryman 
of Sabati(*r, (ileneral Georj^es Patart, and 
still mon» extensively in Germany by 
l^rofessor Franz Fischer, director of the 
Institute of (^)al K^search at Muelheim 
Ruhr, and Dr. Friedrich Bergrius, of 
Ileidelber". All these three Euroi)ean 
leaders in (^atal>tie research went to 
Pittsbur"h to attend the lnl(*rnational 
C\)nference on Goal held at the Carnegie 
Institute of Te(dinol()g:y from November 
15 to 19, and what they told of the a])pli- 
cation of catalysis to industry was new 
to many of our pe()i)le, For in this field 
America is Far behind Germany and 
France. 

For instance, we have been making: 
methanol by tin* old-fashioned method of 
distilling: Avood, but now the Badische 
Chemical Company makes ten to twenty 
tons of it a day from Avater g:as at a 
cost of only 20 cents a gallon. Methanol, 
formerly knoAvn as '^Avood alcohol,’^ has 
long been employed in all countries as a 
denaturant for industrial alcohol, and 
has caused many eases of blindness in 


Germany and America by being used for 
whiskey by those who Avere already so 
blind as not to tell one alcohol from an- 
other. Various other alcohols, such as 
butyl alcohol, made in America by fer- 
menting corn and used for automobile 
lacquers, are made in Germany from 
Avater gas. The Avast e gases that in some 
sections of the United States are still 
alloAved to escape from coke ovens un- 
used are at the mines of Bethune, 
France, cooled and condensed and util- 
ized for making methane, benzene, ethyl 
alcohol and ammonia. 

Owing to the catalytic process for 
synthetic ammonia invented by Fritz 
Ilaber, GtTinany is noAv exporting ferti- 
lizer instead of importing it as before 
the Avar. About 425,000 tons of free 
nilrogiui from the air is now fixed for 
fertilizers by catalysis every year, and 
this takes the place of 2,700,000 tons of 
Ghil(‘an nitrate. But Muscle Shoals still 
stands idle. 

Ihmzene, Avhich uin be made from coal 
in various Avays, is the mother substance 
of the aromatic family of chemical com- 
})ounds, a family of over a hundred 
thousand and ra])idly growing. Among 
these are the aniline dyes and drugs that 
ha\’e made the Avorld brighter and safer 
in our generation. One of these syn- 
thetic products, carbolic acid, is famil- 
iarly used as an antise])tic and is nearly 
as useful hut much less familiar as one of 
the two components of bakelite. The 
other component, formaldehyde, is also 
an antisej)tic and also made artificially. 

The chief stimulus to such investiga- 
tions in Phiropci is the .search for home- 
made motor fuel. We Americans are 
not interested in this question noAv but 
.some day Ave shall b(», and Jiieantime it 
is interesting to AA^atHi the chemists over 
the water trying to see how many differ- 
ent things they can make out of common 
coal, like children playing Avith the 
Chine.se tangram. 
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THE NEW COOLIDGE CATHODE RAY TUBE 


A VACUUM tube which produces as 
many electrons per second as a ton of 
radium — and there is only a pound of 
that rare substance in the world— was 
announced by Dr. W. D. Coolidge, of the 
research laboratory of the General Elec- 
tric Company, at a meeting of the 
Franklin Institute of Philadelphia, on 
the occasion of the award to him of tlic 
Howard N. Potts gold modal of the insti- 
tute for his outvStanding work in the de- 
velopment of X-ray tubes. 

Radium is constantly disintegrating, 
and in so doing is bombarding (*le(*trons 
— infinitely small particles of matter or 
electricity — into space at very high 
velocities. The rate at which radium 
disintegrates is beyond human control; 
nothing that man (*aii do seems to affect 
the rate at which the element breaks 
down. The cathode ray tube likewise 
bombards lugh s])eed electrons into 
space, but at a rate that can be con- 
trolled by man, and in quantiti('s far 
greater than by all the radium in the 
world. The electrons given off by ra- 
dium are of higher average velocity than 
those so far produ(*ed with the cathode 
ray tube, but otherwise the two are 
alike. 

So much more concentrated ai*e the 
rays from the tube that many stai'tling 
experiments have been eonductc'd with 
the new device. Crystals of the min- 
eral caleite apparently become red hot 
coals when exposed for a moment to the 
rays, but they are glowing with cold 
light ; ordinary" salt is tunied brown, and 
considerable time elapses before it again 
becomes the colorless substance it usu- 
ally is; bacteria and small flies are al- 
most instantly killed by exposure to the 
rays; ordinarily colorless acetylene gas 
is transformed into a yellow solid which 
can not be dissolved ; and a rabbit ’s gray 
hair has been destroyed, to be re])laced 


later by a profuse growth of longer, 
snow-white hair. 

Cathode rays have been known to 
some extent for many years. At first, 
however, they were known only within 
vacuum tubes, but about thirty years 
age a European scientist, Lcnard, suc- 
ce(»ded in making the electrons pass 
through a tiny piece of extremely thin 
aluminum foil cemented to the glass wall 
of the tube. Improvements have been 
numerous since then, but with previous 
tubes the metal windows*^ were much 
smaller and the operating voltages much 
lower than with the new tube. 

Several unusual features have been 
incorporated in the new tube. There is 
a “window^* three inches in diameter, 
of nickel foil, the thickness of which is 
measured in thousandths of an inch and 
which is capable of withstanding a total 
atmospheric pressure of more than 100 
pounds. A heated tungsten filament, 
originally used by Dr. Coolidge in the 
X-ray tube and now known to all as an 
essential ])art of radio tubes, funiishes 
the sup])l>' of electrons. The glass tube 
has been shielded with a copper tube so 
that the stream of electrons can not 
strike the glass and cause punctures, 
thereby permitting operation of the tube 
at voltage's far higher than any pre- 
viously attained, and the tube is also the 
first which it has been possible to seal 
off from an evacuating system; the tube 
thereby has been made as portable and 
as easy to use as an X-ray tube. 

Electrons are released by the heated 
tungsten filament, or cathode, at r('la- 
tively low velocity— a matter of a mile 
or two per second. Between the cathode 
and the anode* the ^^window” and the 
copper which servos as a shi'h^ * 
there is impressed u])wards to 350,000 
volts of direct current. This causes the 
electrons given off by the filament to 
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BALL OK IIA^E 

SnOWJNO THE IONIZATION OF THE AIR CAUSED BY THE ELECTRONS THAT PASS THROUOH THE 

NICKEL WINDOW. 

speed up 1o an averaj^e velocity of 150,- pressure of 100 pounds -the difference 
000 miles per second or more, depending between the outside air and the almost 
upon the voltage, within the shoit space perfect vacuum within the tube— so it is 
of about one inch between the cathode nunforced with a honeycomb structure 
and the copper tulie shield. Having" at- of molybdenum metal, a design that 
tained this higli velocity, the electrons affords a maximum of strength with a 
coast the rest of the way through the minimum of cross-section area, 
highly evacuated tube and pass through If the tube is operated in a darkimed 
llie aiKKhi or window and into the atmos- room, a hum is heard and the window of 
phere with but slight diminution in the tube is seen to be surrounded by a 
velocity. ball of purplish haze, about two feet in 

The nickel window is soldered to a diameter with ;]50,00() volts and more or 
disk of invar, an alloy which expands less depemiing upon the voltage. This 
the same amount as does glass when glow, which shows the penetration of the 
heated. The invar disk, in turn, is fused cathode rays in air, results from the air 
to the glass tube, thereby making the seal being ionized or broken up by the rays 
air tight. The thin piece of nickel itself or electrons. The penetration of the 
could not withstand the atmospheric rays deiiends not only upon the voltage 
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but upon the density of the substance 
they strike, so that with most solid sub- 
stances the penetration is slight, and 
with dense metals almost negligible. 

One of the most startling experiments 
performed with the new tube has been 
the production of a yellow compound 
when the rays are passed through acety- 
lene gas. This compound, similar to that 
produced in very small amounts by 
radium treatment of the colorless gas, 
can be produced in relatively large quan- 
tities with the cathode ray tube either as 
a light, fluffy powder or as a vTarnisb- 
like film on substances within the gas 
chamber, depending upon the electrical 
conditions. The compound has been 
found to be insoluble in all the many 
chemicals so far tried. It seems, there- 
fore, that a use may be found for it as a 
protective coating for metals, to which 
it adheres tightly. Other substances, 
such as castor oil, can also be solidified 
by exposure to the rays. 

In ascertaining the effect of the rays 
on living tissues, small circular areas of 
the ear of a gray rabbit were subjected 
to short exposures to the rays. Exposure 
of a tenth of a second caused a temporary 
loss of hair over that area. When the 
exposure on another area was increased 
to one second a scab was formed. When 
this fell away it took the hair with it, 
and weeks later the area became covered 
with a profuse growth of longer, snow- 


white hair. Exposure for a minute re- 
sulted in the formation of a scab on each 
side of the ear. A hole was left in the 
ear when the scabs fell away, and the 
edge later became fringed with white 
hair. In other experiments, bacteria 
and flies were killed almost instantly by 
the rays. 

A crystal of calcite, a colorless and 
transparent mineral, glows with a bright 
orange light if subjected to the rays, and 
the glow of cold light continues for 
hours. The glow comes from an area 
very near the surface of the crystal since 
the rays penetrate but little into the sub- 
stance. Immediately after the crystal 
has been rayed, numerous bluish-white 
sparks or scintillations can be noticed 
beneath the surface of the crystal ; these 
arc electrical explosions, the result of the 
bombardment of the atoms in the crystal 
by the high-speed electrons. 

Granite, a mixture of several minerals, 
glows with several brilliant colors, some 
of the colors fading away immediately 
and others remaining for some time. 
Numerous other substances can be made 
to change in color, some permanently and 
others for a short time. 

The commercial possibilities of the 
tube, still a laboratory development, are 
unknown but it is expected that the tube 
Avill be invaluable in scientific investiga- 
tioils regarding electronic phenomena. 
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